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13.2 Group 1 
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Learning Outconies: 


Students will be able to: e 

* Recognize the demarcation of the Periodic Table into s-block, p-block, d-block, and f-block. 
(Understanding) кы 

* Describe how physical properties like atomic radius; ionization energy, electronegativity, 
electrical conductivity, melting and boiling point of elements change within a group and with in a 
period in the Periodic Table. (Analyzing) : 

e Describe reactions of period 3 elements with water, oxygen and chlorine. (Applying) 

e Describe physical properties and acid-base behaviour of oxides, chlorides and hydroxides of 
period 3 elements. (Applying) ow Уш: 

* Describe reactions of oxides and chlorides of period 3 elements with water. (Applying) vei 

* Explain the trends in physical properties and oxidation states in groups I, II, IV and VII of the 
Periodic Table. (Analyzing) 

* Describe reactions of Group I elements with water, oxygen and chlorine. (Applying) ; 

e Explain effect of heat on nitrates, carbonates and hydrogen carbonates of Group-I elements. 
(Applying) 

* Describe reactions of Group II elements with water, oxygen and nitrogen. (Applying) 

* Discuss the trend in'solubility of the hydroxides, sulphates and carbonates of Group-II elements. 
(Analyzing) | 

* Discuss the-trends in thermal stability of the nitrates and carbonates of Group-II elements. 
(Analyzing) zs 

Differentiate beryllium from other members of its group. (Analyzing) 

Describe reactions of Group IV elements with water. (Applying) : 

Discuss the chlorides and oxides of. group IV elements. (Applying) i Ka 

Explain the relative behaviour of halogens as oxidizing agents and reducing agents. (App 

Compare the acidity ofhydrogen halides. (Analyzing) — Cea 

Distinguish between an oxide anda peroxide. (Understanding) 

Write representative equations for the formation of oxides and sulphides. (Applying) 


Compare the outer most s and p-orbital system of an element with its chemical p 
(Analyzing) 1 i 
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Introduction 
into four blocks. These are s, p, d and f 


blocks. The classification 
the element involve 


i) 


ii) 


iii) 


The periodic table can be divided | : 
p of elements into blocks 15 based upon the valence orbital or 
d in bond formation. | 

The elements of group 1, group 2 and period | m ee elements. In these 
elements the last electron enters into s-subshell. There аге two s-block 
elements in each period because s-subshell can accommodate maximum of two 
electrons. Their general electronic configuration IS NS where ‘n’ represents 


the valence shell. 

The elements of group 13 to 18 excep 
elements the last electron enters into p-subs 
block in each period because p-subshell can 
Their general electronic configuration isns np - ` s-block 


t helium are p-block elements. In these 

hell. There are six elements of p- 

hold up at the most six electrons. 
l= N 


__ p-block 


' 
VA VIA VIIA VIIA 
[6:5 E AEs 


Figure 13.1: Blocks of ces 
igure 13.1: Blocks of Elements in the Periodic Table 


The elem * 
electron A LU E elements. In these elements the i 
i, I here ar $ : in 

are ten elements of d-block ! si 


period because d-subsh о electron 
ibshell can acc > maxi 
mmodate maximum of ten el Sais 


general electronic confi i | 
guration is (n—])q!-! ,,.1- 
is (n-1)d-? ns"? The specific d-su?® 


one less (n-1) than the peri 
СВ егі г | 
transition elements. Period number, The d-block elements are also 
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iv) Lanthanides and actinides are f-block elements. In these elements the last 
electron enters into f-subshell. There are fourteen f-block elements in each 
period because f-subshell can hold up at the most fourteen electrons. Their 
general electronic configuration is (n—2)f' '* (n—1)d° * ! ns*. The specific f- 
subshell is two less (n-2) than the period number. In most of the periodic 
tables, the f-block elements are placed below the periodic table to save the 


space. 
Groups and Periods of Elements in the Periodic Table 
The vertical columns of elements in the periodic table are called groups or 


families. There are two systems for numbering the groups: the older system and the 
newer IUPAC system. According to latest IUPAC system, the modern periodic table 
has 18 groups of the elements. Elements in the same group: of periodic table show 
similar properties because they have same number of valence electrons. 

The horizontal rows of elements in the periodic fable are called periods. The 
modern periodic table has seven periods. The first period is the shortest period and 
has only two elements: the hydrogen and helium. The second and third periods 
contain 8 elements each and are called short periods. The fourth and fifth periods 
contain 18 elements each and are called long periods. The sixth and seventh periods 
contain 32 elements each and are calléd the longest periods. 

13.1 Period 3 Elements (Na to Ar) : 

Period 3 consists of<eight elements viz. sodium (Na), magnesium (Mg), 
aluminium (AD), silicon (Si), phosphorus (P), sulphur (S), chlorine (CI) and argon 
(Ar). | 
13.1.1 Physical and Atomic Properties of the Elements 

The properties of elements tend to change from left to right across a period or 
from top to bottom down a group. The properties that change across a period or down 
the groupswith the rise of atomic number are called periodic properties. These 
properties are also known as atomic properties. These properties are based upon the 
electronic configurations (valence shell electronic configurations) of atoms of the- 
elements. Some of the atomic properties are atomic radius, ionization energy, 
electronegativity, electrical conductivity, melting and boiling points. Ms 

1.1. i ture ; | 
ЫД CAA hi; x ЕЕ the periodic table, from Na to Ar, each element has one 
more proton and one more electron than the one pr eceding It. 
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Table 13.1: Electronic Configuration-of Atoms of the Fertor » Element 


Va lence Sh ell 


Atomic Electronic 


Number 


Complete Electronic 


t 
Symbol Configuration may 
: ( onfiguration 


| 
Sodium 1s?2s72p°3s 


152 2522р 35 


35! 


Magnesium 


Aluminium 1s? 2522р 3523р! 
Silicon — | 18°28?2p°3s?3p” 


hosphorus | р Іо щ|15°25-2р°3853р* 


Sulphur 
Chlorine 


The average distance between the entre of nucleus and the outermost 
electronic shell of an atom is called atomid radius. The units used to measure atomic 
. -9 ^ч“ / 
radius are nanometre (Imm dO vc Geson (0А = 10, mn) and picometre (1pm 
é 3: 


E 10-2 m 3 ; $ „/ 
2: ) Tabl 2: The Atomic Radius of Atoms o 
zx AE Ur II 7 


ym - - 
z п - J 4 = 
b Ca: 
РУЗА СР "Na 
St " d mt s ү 
- - Ra 
^ 1 LAJE "x ы 
; A Ў 
! E 
Lnd Р! 
—— 


f the Period 3 Elements 


13.1.3 "Trends in Ioni 


lonization energy is 
electron. from the isolated 


zation Energy 


the minimum amo 
gaseous atom or j 


The higher the value of ioni ee, te lectr 


unt Of energy required to remove an 


zm 11 its ground state. The value of 

I$ bound to the nucleus of an atom. 
ficult it is to remove the 
remove an electron from ? 


mol shee te more dif 
gaseous sodium atom. ВУ 15 required to 
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Table 13.3: First lonization Energy of Atoms of the Period 3 Elements 


T 
DINI 


The minimum amount of energy needed to remove the first electron from an 
isolated gaseous atom is called first ionization energy. For example, the first 
ionization energy of magnesium is: - 

+ 24 
Mg > Mg «le IE, = 738 kJ/mol 
The minimum amount of energy needed to remove the second most loosely 


bound electron is called second ionization energy. For example, the second ionization 
energy of magnesium is: 


Me — Mg le IE; = 1451 kJ/mol. 


The amount of energy needed to remove the third electron isthe third ionization 
energy and so on. For example, the third ionization energy of magnesium is: 


Ме ———> Ме + le IE, = 7730 / mol 


Ionization energy values increase with the removal of each electron because 
the repulsion among the remaining electrons decreases. As a result of this, the force of 
attraction between nucleus and valence electron increases. 

Ionization energy values increase in the following order: 

I" IE < 2" TE « 3" TE <... 


Ionization energy depends upon: 

i) Atomic radius 

ii) | Nuclear charge 

iii) Shielding effect 

iv) Electronic configuration of Elements 

The ionization energy generally increases from sodium (Na) to argon (Ar) 
across the period. This-is either due to increase in the nuclear charge or decrease in 
the atomic radius along the period. The metals (Na, Mg and Al) have small values of 
ionization energies while non-metals (P, S, Cl and Ar) have high values of ionization 
energies. The high values of ionization energies of non-metals are due to their smaller 
size. The high ionization energy of argon is due to its stable electronic configuration. 


13.1.1.4 Trends in Electronegativity 

Electronegativity is the relative tendency (ability or power) of an atom in a 
molecule to attract a shared pair (bond pair) of electrons towards itself. 
Electronegativity has no unit. Elements with low electronegativity values are metals 
and have tendency to lose electrons. Elements with high electronegativity values are 
. hon-metals and have tendency to gain electrons. ; 


> 
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Table 13.4: The Electronegativity 0] Atoms oj 51 АНМА ements 


Elecironegativity : : : i Е 
on is not included in the table because the 


The electronegativity of arg 
compounds of argon are rare. 

Electronegativity increases 
charge. The shielding effect remains con 
13.1.1.5 Trends in Electrical Conductivity 

Electrical Conductivity is the ability of a materie | 
The electrical conductivity is due to loose electrons in a material. Sodium, magnesium 
and aluminium are good conductors, silicon is semiconductor while the rest of the 


elements of period 3 are non-conductors. 
Table 13.5: Electrical Conductivity of the Period 3.Eléments 


A 


Electrical Du 
Conductivity Good Good Good | Poor AN: None | None 


Electrical conductivity increases from sodium to aluminium. This rise is due to 
the increasing number of delocalized electrons in the metallic solid. Silicon has giant 
covalent structure similar to that of diamond and has few delocalized electrons. 
Because of this, it is a semiconductor.. The elements from phosphorus to argon аге 
non-conductors because their electrons are tightly bound to the nucleus and are not 


free to move. 


13.1.1.6 Trends in Melting and Boiling Points 
The melting and boiling points of period 3 ele i | ight 
up to the silicon and then gradually decrease. ee 


TRY 6 Melting and Boiling Points of the Period 3 Elements 


d 
/ aes 
ve 
5 б И 


from sodium to chlorine due to increase in nuclear 
stant along the period. 


1 to carry an electric current. 


CASI 
3. 79 am^ DE y 
n ma Paint í 
J f О ОПТ | 
iy X UIS 


О; 
Li VJ E 


Melti um : 
elting and boiling points of elements depend upon the number of valence 


» Magnesium and aluminium have 91102 


provides one, magnesium two and alumin; 
Silicon, a semimetal, has four valence el 
other silicon atoms. 
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The other elements of period 3 (P, S, Cl and Ar) are non-metals and have low 
melting and boiling points. This is because, they form simple molecules and their 
molecules are held together by London dispersion forces which are very weak 
attractive forces. The small amount of energy is required to overcome these attractive 
forces. 

The melting and boiling points of sulphur are higher than other three non- 
metals (P, Cl and Ar). This is because; the size of sulphur (Sg) molecule is larger than 
other three non-metals (P4, Cl; and Ar). The strength of London forces depend upon 
the size of molecules. The larger the size of molecules, the stronger is the London 
forces. Consequently, the melting and boiling points decrease in the following order: 

Ss > P,>CL>Ar 
13.1.2 Reactions of Period 3 Elements with Water, Oxygen, and 
Chlorine 


13.1.2.1 Reactions of Period 3 Elements with Water 
Reaction of Sodium with Water 


Sodium reacts with cold water violently to produce hydrogen gas and a 
colourless solution of sodium hydroxide. The reactionris exothermic. 

2Na + 2H;O ———» 2NaOH + H, 
Reaction of Magnesium with Water 

Magnesium reacts with cold water gently to produce magnesium hydroxide. 

Mg + 2H;0 ——> Mg(OH); + Н 

Magnesium burns in steam with white flame to produce magnesium oxide and 
hydrogen gas. 

Mg + Н.О ——> MeOH, 
Reaction of Aluminium with Water | 

Finely divided aluminium reacts with steam to give aluminium oxide and 
hydrogen gas. This reaction is relatively slow due to the formation of aluminium 
oxide layer on the surface of metal. 

2Al + 3H,0, — —» ALO; + ЗН, 
Reaction of Silicon with Water 

` Silicon does not react with water in its elemental form at room temperature. It - 

reacts with water at extremely high temperature producing silicon dioxide and 


hydrogen gas. The inertness of silicon is due to a protective layer of silicon dioxide on 
its surface. 


Si + 2H0 — —» SiO, + 2H; 


Reactions of Phosphorus, Sulphur and Argon with Water 
Phosphorus, sulphur and argon do not react with water. 
—— Pa + H0 —— No Reaction 
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S + HO ——> No Reaction 


Ar + HO ——> No Reaction 
Reaction of Chlorine with Water 

Chlorine reacts with water to produce mixture of hydrochloric acid and 
hypochlorous acid. This reaction is reversible. 


Cl, +H,O <= НСІ + НОСІ 


The HOCI, in the presence of sunlight, is slowly decomposed into hydrochloric 
acid and oxygen gas. 


2HOCI ——> 2HCI + О, 
The equation that shows the overall change is as: 


2С1, + 2H,O ==”. 4HCI + O; 


13.1.2.2 Reactions of Period 3 Elements with Oxygen 
Reaction of Sodium with Oxygen 

Sodium burns with a yellow flame to give a-mixture of sodium oxide and 
sodium peroxide. 


4Na + О; ——> 2Na;0 
2Na + О» M" Ма»О» 
Reaction of Magnesium with Oxygen 
Magnesium burns in oxygen with a brilliant white flame to form magnesium 
oxide. | 
2Mg + О ——> 2М202 
Reaction of Aluminium with Oxygen 
Finely divided aluminium burns in oxygen with a brilliant white flame t° 
produce white alumina (aluminium oxide). 
ДАІ + 30». кус? 2А1›О» 


Reaction of Silicon with Oxygen 
Silicon: burns in oxygen with a bri 
produces silicon dioxide . 


Si +0, E > SiO, 


Reaction of Phosphorus with Oxygen 
Phosphorus burns in oxygen with a 
The smoke contains phosphorus (III) oxide 


Р, +30, —— P406 


ght yellow flame at high temperature and 


white flame and produces white smok? 
and phosphorus (V) oxide. a 
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Reaction of Sulphur with Oxygen 


Sulphur burns in oxygen with a brilliant blue flame and gives sulphur dioxide 
gas. 


S4-0,— SO; 
Reaction of Chlorine with Oxygen 
Chlorine does not react with oxygen directly. 
Cl, + О ——> No Reaction 
Reaction of Argon with Oxygen 
Argon does not react with oxygen. 
Ar + О, ———9 No Reaction 


13.1.2.3 Reactions of Period 3 Elements with Chlorine 
Reaction of Sodium with Chlorine 


Sodium burns in the presence of chlorine with bright yellow or orange flame 
and forms sodium chloride. 
2Na + Cl; ——> 2NaCl 


Reaction of Magnesium with Chlorine 


Magnesium burns in chlorine with intense white flame and forms magnesium 
chloride. | 


Mg + Cl; ——> MgCl 
Reaction of Aluminium with Chlorine 


Aluminium readily combines with chlorine on heating to form aluminium 
chloride. 


2Al + 3Cl, ——> 2AlICl, 

Reaction of Silicon withChlorine 
Silicon reacts-with chlorine on heating to form liquid silicon tetrachloride. 
Si+2Ch ———» SiC, 


Reaction of Phosphorus with Chlorine - 


When dry chlorine gas is passed over molten white phosphorus, a mixture of 
two chlorides (phosphorus trichloride and phosphorus pentachloride) is obtained. The 
phosphorus gives phosphorus trichloride with limited supply of chlorine and 
phosphorus pentachloride with excess chlorine. 


P4 + ӨСІ, ——> АРСЬ 
Limited 


P4 T. 101 —» 4PCl, 


XCCSS 


At rm 
MSc UD OR PEPE аа em 
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| Reaction of Sulphur with Chlorine : 

| Sulphur reacts with chlorine on heating t 
2S + Ch —— S2Ch 


› form disulphur dichloride liquiq 


Reaction of Argon with Chlorine 

Argon does not react with chlorine. 

Ar 4 Cl; ——> No Reaction 
13.1.3 Physical Properties of the Oxides of Period 3 Elements 

Oxides are the binary compounds (compounds composed of only two 
elements) of oxygen with other elements. There may be oxides of all the elements 
except fluorine. | i 

The relationship between the physical properties of oxides Of period 3 elements 
and their structures is discussed here in this topic. Argon does not form an oxide 
because it has complete outermost shell. 
13.1.3.1 Structure of Oxides 

The oxides of sodium, magnesium and aluminium consist of giant structure of 
metal ions and oxide ions. Silicon dioxide has-giant covalent structure. The oxides of 


phosphorus, sulphur and chlorine consist of molecules. 
Table 13.7: The Structure of Oxides of Period 3 Elements 


M20 es aaa 
Giant iant ionic With Giant Molecular | Molecular | Molecular 
ionic | ionic t char covalent | Covalent | Covalent Covalent 


NaO, MgO, AbO; and SiO, have strong attractive forces (Intra molecular 
; nome 
forces) in all directions. Hence, they have regular arrangement of particles (atoms 07 
ions) and have-giant structures because th i imes with 
| e (El e ar es 
large number. of particles throughout th ee 7 ЭЖ ae metals 
(phosphine a Б e substance. The oxides of nom" 
. sulphur and chlorine) consist of molecules and have "^ 


interm 
| olecular pes (London Forces). Hence, they have simple structures and 
arrangement of their atoms is not repeated 


13.1.3.2 Nature of Oxides 


решш ang magnesium oxides are ionic, The aluminium oxide is most ion 
and has a significant covalent character. Silicon dioxide has a covalent characte" 
oxides of silicon phosphorus, sulphur and chlorine have covalent characters- 4 


а SA ae ER SLT DUM ua ЕЈ 
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Table 13.8: The Ionic Character of Oxides of Period 3 Elements 


rive], 86а 
Oxides NEOs MgO | ALO; SiO; m SO; | СЬО; 


The ionic character of period 3 elements decreases while covalent character 
increases along the period due to decrease in the electronegativity difference. The 
elements form ionic bonds when the electronegativity difference between two 
elements is large. The elements form covalent bonds when the: electronegativity 
difference between two elements is small. 
13.1.3.3 Melting and Boiling Points of Oxides < 

The oxides of sodium. magnesium and aluminium have high melting and 
boiling points because they are ionic and a lot of energy is required to break the strong 
attractive forces between the ions (cations and anions). — 

The melting and boiling points of silicon dioxide are also high because a large 
amount of energy is required to break very strong silicon-oxygen covalent bond. It is 
concluded that the oxides of metals (Na;O; MgO and ALO) and silicon (SiOz) have 
giant ionic and covalent structures, hence they have high melting and boiling points. 
Table 13.9: Melting and Boiling Points of Oxides of Period 3 Elements 


Lowe. — [Neo Meo Гаково, [гош] Pios | sos | so» [eror CuO” 
Melting 4) 
Boili | 


Point (^C) x» n 


The oxidés;of phosphorus (P,O, and P4010), sulphur (SO, and SO3) and 


chlorine (CLO and Cl,0;) are simple molecular covalent. The melting and boiling 
Points of these oxides are much lower than those of metal oxides or silicon dioxide. 
Because they consist of molecules and have intermolecular forces (dipole-dipole 
forces or London dispersion forces). The strength of these forces depends either on 
the polarity of molecules or on the size of molecules. 
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Silicon dioxide does not conduct electr icity either as a liquid or solid. This jg 


due to absence of mobile electrons or ions in the 5102. BS i, 
Table 13.10: The Electrical Conductivity of Oxides of Perioc ОЛЕШ 


SiO 
State 
State: 


The oxides of non-metals (P4Os, P4O;o, SO». SO3, CLO and Cl,0;) do not 
conduct electricity either as a gas, liquid or solid. Because they consist of molecules 


and none of them have free electrons or ions. 


13.1.4 Acid-Base Behaviour of the Oxides of Period 3 Elements 

The ionic character of period 3 elements decreases while covalent character 
increases along the period due to decrease in the-electronegativity difference. The 
elements form ionic bonds when the electronegativity difference between two 
elements is large, while they form. covalent bonds when the electronegativity 
difference between two elements is small. - | 

Sodium and magnesium oxides'are ionic and contain O% ion. оп ion is à 
strongly basic ion that reacts with water to form hydroxide ions. 


0% +H,0 — > .20H- 


AlO; has both ionic and covalent characte 
both acids and bases to form salts. 

SiO; has a. covalent character. It do 
It reacts with strong bases to form salts. 

Oxides) of non-metals have co 
form acidic solutions when dissolve 


Oxides 


ts and is amphoteric. It reacts with 


es not contain oxide ion. It is weakly acidic. 


valent Characters and are acidic in nature. They 
d in water. 


Oxides 


Strongly Weakly 
Basic Basic 


Character 


2.51 
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13.1.4.1 Trends in Acid-Base Behaviour 

The basic character of oxides of period 3 elements decreases while acidic 
character increases along the period due to decrease in the electronegativity difference 
(AEN). 
13.1.4.2 Reactions of Oxides with Water, Acids and Bases 
Reactions of Oxides with Water 


Sodium oxide reacts readily with water to form basic solution. The pH of 
solution is around 14. 


Na)O + НО ——» 2NaOH | 
Magnesium oxide reacts with water to form basic solution. The^feaction is 


slow and some magnesium hydroxide is formed in the reaction. The pH of solution is 
around 9. 


MgO + НО —— Mg(OH); | 
Aluminium oxide is insoluble in water and: does not СОТА water. 
А0; + ЊО ——э 8 Reaction 7 


Silicon dioxide does=not react with Water because it has a giant covalent 
structure and is completely insoluble in water. N 


SiO, + Н.О ———3 No Reaction 


"€ Ar 
The oxides of non-metals (phosphorus,sulphur, and chlorine) react with water 
to form acidic solutions. ( 


РО, + 6H;0 ——> 4HPO, (Phosphorous acid)» 

РО + 6H20 ——— 4H3PO;< (Phosphoric acid) 

SO; + H,0 ——> Н,50, ЭА -(Sulphurous acid) 

SO; + HO ——— H250, (Sulphuric acid) 

ClO + H:O ——35DHcio (Hypochlorous acid) 

ChO; + HO. —— + 2HCIO, (Perchloric acid) ` 
Reactions of Oxides With Acids 


. Sodium oxide reacts with dilute hydrochloric acid to form aqueous solution of 
sodium chloride. 


Ма›О + 2HCI —— 2NaCl + H,O 


. Magnesium oxide reacts with warm dilute hydrochloric acid to form aqueous 
Solution of magnesium chloride. | 


MgO +2НС1 —— мус, +H,0 


T Aluminium Oxide reacts with hot dilute hydrochloric acid to form aqueous 
Olution of aluminium chloride. | 


то +6НС1 — —, 24161, + 3H;O 


О: duminium oxide acts as a base. — 
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Silicon dioxide is a stable compound and does not react with most of the aciq 


at normal conditions. It reacts only with hydrofluoric acid (HF). 

SiO; + 4HF ——— SiF, + 2H,O 

Tetrafluorosilane (SiF,) reacts further with HF to produce hexafluorosilici, 
acid. 

SiF, + 2HF — —9 Н,[81Е;] 


Reactions of Oxides with Bases 

Aluminium oxide reacts with hot concentrated sodium hydroxide to form ; 
colourless solution of sodium tetrahydroxoaluminate. 

ALO; + 2NaOH + 3H;0 ———» 2Na[AI(OHJ4] 

In this reaction aluminium oxide acts as an acid. 

Silicon dioxide slowly reacts with hot concentrated sodium hydroxide to form 
colourless solution of sodium silicate and water. 

SiO; + 2NaOH ——> Na)SiO; + HO 

. Phosphorus trioxide reacts directly with sodium hydroxide to produce two 

series of salts (sodium dihydrogenphosphite.and sodium hydrogenphosphite). 

4NaOH + P406 + 2H;0 ——> 4NaH;PO, 


8NaOH + P404 ——> 4Na;HPO, + 2Н›О 


Phosphorus pentaoxide reacts direct] 
series of salts (sodium dihydrogen phos 
sodium phosphate). | 


4NaOH + PiOj9 + 2H,0 === 4КаН›РО, 
8NaOH + P;Oj; ——› 4Na,HPO, + 29,0 


y with sodium hydroxide to produce three 
phate, sodium hydrogen phosphate and 


I2NaOH PO, —— , 4Na;PO, + 6Н›О 


Sulphur dioxide reacts direc i | ( 
tl 
sodium ШЕ Y with sodium hydroxide solution to produce 


When SO, is in excess then sodium bisulphite ; 
SO: + NaOH ——>» NaHso, pite is formed. 
Sulphur trioxide reacts directly wi, с. 
sodium sulphate. у wath Sodium hydroxide 
SO; + 2NaOH ——— Na,SO, + њо 


NEGRA) J 
Ел“ ad 
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Dichlorine NER ү РЕТ HOCTORS (TOUSEEF AHMADJe to produce 
sodium hypochlorite, 

СО + 2NaOH ———» 2NaCIO + Н,О 

Dichlorine heptoxide reacts with solution of sodium hydroxide to produce 
sodium perchlorate. 

СО; + 2NaOH ———› 2NaClO, + HO 


13.1.5 Chlorides of the Period 3 Elements 
The binary compounds of chlorine with period 3 elements are called chlorides | 
of the period 3 elements. The formulae of the chlorides of period 3 elements are given | 


in the table. 
Table 13.12: Chlorides of Period 3 Elements 


Formula of Chloride AICh S 
ligera AN. 43 


The oxidation number of the element in its chloride is equal to the number of 
chlorine atoms attached to the element. 


13.1.5.1 Nature and Structure of Chlorides 

NaCl and MgCl, are white ionic compounds and consist of giant structures. 
They composed of oppositely charged ions that held together by strong electrostatic 
forces. - | 

AICI, is white covalent compound. It has a layered lattice at room temperature. 
It turns to dimeric gas (Al,Cl¢) on heating to about 180°C and then has a simple 
molecular structure. 


Tabled 3.13: Chlorides of Period 3 Elements 


Ф, ~ PCh 
Structure Tonic Toric Covalent Molecular | Molecular | Molecular 
covalent covalent covalent 


SiCl, and PCI, are colourless covalent compounds. They are found in the liquid 

States. They have simple molecular structures. Their molecules are held together by 
Weak van der Waal’s forces. 

РС]; is a white ionic compound in the solid state and has an ionic lattice of 

PCI PCL]. However, it has a simple molecular structure in the gaseous state. - 


RER: 
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molecular structure. 
13.1.5.2 Melting and Boiling Points of Chlorides | т | 
Sodium chloride and magnesium chloride have high melting and boiling роши 
L:cause they need a large amount of energy to break the strong electrostatic 
attractions between their ions. | " 
Aluminium chloride and silicon tetrachloride have low melting ape boiling 
points because they need small amount of energy to break weak van der Waal’s forces 
between their molecules. 
Table 13.14: Melting and Boiling Points of Chlorides 


Formula of 
Chloride 


Melting 


Phosphorus trichloride (PCl;) has low melting and boiling points due to 
presence of weak intermolecular forces between their molecules. 

Phosphorus pentachloride (PCl;) has higher melting and boiling points than 
phosphorus trichloride because they have different structures. The forces of 
attractions that hold solid lattice of РС» together are weak van der Waal’s forces and 
that hold solid lattice of PCI; together are strong ionic bonds. 


SCl, has low melting-and boiling points because their molecules are held 
together by weak intermolecular forces. 


13.1.5.3 Electrical Conductivity of Chlorides 


. , The chlorides.of the period 3 elements on the left such as NaCl and MgCl, are 

ionic. They do not conduct electricity in the solid because their ions are ees in 

place and not able to move. They can only conduct electricity when they are either 

melted or dissolved in polar solvents such as water bec : y Я 

solution form their ions are free to move. шу Olten state or: 
Note that aluminium chloride ; steer 

expected from a metal and a Morus у not ionic as would normally be 


"ns bin 
electricity either in solid state or in liquid state “У Compound. It does not conduct 


The chlorides of the elements on the п 
ds ght of : ; 

PCIs, and Me ame ae in e They do not севан E 
te because they do not ri 

molten sta e UE dd nm Dy от апу, mobile electrons. 
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13.1.5.4 Ѕоі KAS y ot Chlorides in Water 
NaCl does not react with water. It dissolves in water to form a neutral solution 
(pH =7) of metal cations and chloride ions. 


Water 


NaCl —————5 Na*+cr 


MgCl» also does not react with water. It dissolves in w 
acidic solution (pH = 6.5) of metal cations and chloride ions. 


MgCl, —““*_, Me** + эсү- 


ater to form slightly 


The covalent chlorides (AlCl, SiCl4, PCl; and PCI;) are hydrolysed by water 
to form acidic solutions. 


AlCl. + 6H20 —“““_, 2A(OH);+6HCI (рН =3) 


SiCl, + 2Н›О —"** , sio, + 4HCI (pH = 2) 
PCl -3H,0 —“““_, H,PO; + ЗНС (pH 2) 
PCI; +4H,O —"** , Н.р), + 5HCI (pH = 2) 


Ionic chlorides generally give neutral solutions:and covalent chlorides generally give 
acidic solutions in water. | 
13.1.6 Hydroxides of Period 3 Elements 
The hydroxides of sodium and: magnesium viz. NaOH and Mg(OH); are basic. 
They are white hygroscopic crystalline solids. Sodium hydroxide is highly soluble in 


water and magnesium hydroxide is slightly soluble in water. Sodium hydroxide reacts 
with dil. НСІ to produce colourless solution of sodium chloride. 


NaOH + НСІ ———» NaCl + H;O 


Magnesium hydroxide reacts with dil. HCl to produce colourless solution of < 
magnesium chloride. 
Mg(OH); * 2HCI ——> MgCl, + 29,0 


The hydroxide of aluminium viz. Al(OH) is amphoteric. It can react both as an 
acid and as a base. Aluminium hydroxide reacts with dil. НСІ to produce colourless 
solution of aluminium chloride. 


Al(OH); + ЗНСІ —> AICI; + ЗНО 
Aluminium hydroxide reacts with the solution of sodium hydroxide to produce 
colourless solution of sodium tetrahydroxoaluminate (III). 


_ Al(OH); + NaOH — — Na[AKOH)4] _ 


naim C el 
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They аге all acidic. Their acidity ranges from the V € Very 
strong perchloric acid. 


OH 
рон 
HO—Si—OH НӨ==Р=—О 
Orthosilicic acid Phosphoric acid 
| 
HO— S —OH O—CI—OH 
O 


The —OH 


OH groups of these hydroxides are covalently bonded to the atoms of 
period 3 elements Ф? 


13.2 Group 1 Elements d es 


_ The elements of group 1 (IA) include lithium, sodium, potassium, rubidium, 
cesium and francium, and are known as alkali metals. The word alkali has been taken 
from an Arabic word meaning “ashes” 

particularly sodium and potassium were isolated fromthe ashes of wood by early 
chemists. These are the most active m 


e they f : : kali 
metals are soft enough to be cüt with a kni (M only In combined states. Al 
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Their va (АБУ РОВІ себиш SEERAHNINDy are excellent 


reducing agents. They form monovalent positive ions (M*) by losing one valence 


electron and attain the stable electronic configuration of noble gases. They show 
oxidation state of +1. 


13.2.1 Atomic and Physical Properties of the Group 1 Elements 


The trends in some atomic and physical properties of the group 1 elements are 
discussed below: | 


13.2.1.1 Trends in Atomic Radius 


The atomic radius of alkali metals increases as we move down the group. This 
is due to increase in number of shells and shielding effect. 


Table 13.16: Atomic Radius of Group 1 Elements 
[Bement [1i | Nan ШЕ ҖЕ ШЕТШЕ ss up Gee SEE SCR 


Atomic Av 348 
Radius (pm) 227 248 265 By (van der Waal's) 


Francium has the largest atomic radius of any other neutral element but it is an 
extremely unstable element and little is known about its properties. The credit is, 
therefore, goes to cesium. 


13.2.1.2 Trends in First Ionization Energy 
Alkali metals have one electron in the valence shell (ns'). This ns! electron is 
loosely bound to the nucleus and this electron сап be detached easily. They have, 
therefore, the lowest first ionization energies-of all the elements in the periodic table. 
Thus, they are the powerful reducing agents. 
Table 13.17: Ionization Energies of Group I Elements 


| 
Ionization Energy 
(kJ/mol) 
The ionization energy of alkali metals decreases down the group. This is due to 
increase in atomic size. | 
13.2.1.3 Trends in Electronegativity 
Alkali metals have greater tendency to lose their valence electrons and are 


highly electropositive. Because of this, they have very low electronegativity values. 
Table 13.18: Electronegativity Values of Group 1 Elements 


анаа Ra 


The values of electronegativity decrease down the group due to increase in 
. atomic size, 
тера E AIT — 
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Table 13.19: Melting and Boiling Points of Group 1 Elements 
apte 132. è e 


"-— 
m Ti 
Melting Point (°C) 180.5 ШОНЫ 637 - зво | 28,7 
Boiling Point (°C) 1330 
The melting and boiling points of alkali metals decr 
group. This is due to increase in atomic size. As the size of atoms get larger, the 
шо between the metal cations and the negatively charged electronic cloud 
becomes weaker and thus the melting and boiling points decr 


ease. 
13.2.1.5 Trends in Density 


Mass per unit volume (m/V) is called density. It means how much mass а 
substance has in a unit volu 


me. Alkali metals have low densities due to large atomic 
volumes. 


Table 13.20: The Densities and 


Atomic Volumes 
(cm’/mol) 12.97 


Lithium, sodium 
water (1 g/cm’). When 
Density of group 1 el 


ON 
=I 
< 
/ 
! 


ease as we go down te 


Atomic Volumes of Group 1 Elements 


685 | 4536 55.80 


nly metals, which are less dense than 
r, they float on the surface of water. 
i ; . ases down the group. This is due t0 
Increase in atomic masses. The potassium, however. hae than sodium. This i 
due to an abnormal increase in the atomic volu 


me of potassium. 
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Alkali metals react with oxygen or air quickly and thus becomes tarnished 
(dull) due to the formation of a film of oxides on their surfaces. The alkali metals are, 
therefore, stored in kerosene or paraffin oil to ensure safety and purity. 


13.2.3.1 Formation of Oxides 


Lithium reacts with oxygen to form mainly The binary compounds o 
гта! oxide, Li;O (an i i 
no ‚ 1220 (and some peroxide). oxygen are called oxides. 


4Li +0 — 2LiO (Lithium monoxide) {They are mainly of three 


2Li * O0; ——» 1,0, (Lithium peroxide) types: normal oxides, 
Sodium reacts with oxygen to give mainly peroxides and superoxides. 


peroxide, Na;O; (and some normal oxide). The main difference between 
4 normal oxide, peroxide and 


Na +0, »2NaO (Sodium monoxide) |superoxide is that the 
2Na + О ——5Na;O. (Sodium peroxide) oxidation. state of oxygen o 
Potassium, rubidium and cesium react with |Dormaloxide is—2, peroxide Н 
oxygen to give KO», КБО, and С$О» respectively. land that of superoxide is-5 


д ., [Examples of normal oxides 
К + О, — КО, (Potassium super oxide) are Na,O and CO,, peroxides 


Rb + О ——> RbO, (Rubidium super oxide) jare Na,O, and K,O, while 

Cs + О ——>CsO, (Cesium super oxide) those of superoxides are KO, 
13.2.3.2 Reactions of Oxides with Water 

The normal oxides of alkali metals react with water to produce metal 
hydroxides. 

Li;O + H;O ——> 2LiOH 

Na,O + НО ——> 2NaOH 

The peroxides of alkali metals react with water to produce metal hydroxides 
and hydrogen peroxides. 

Na,O, + 2H,0 ——> 2NaOH + H;0» 

The super oxides of alkali metals react with water to produce metal hydroxides 
and hydrogen peroxides with the liberation of oxygen gas. 

2KO.+2H,0 ——> 2KOH + H;0»* О, 

2RbO, + 29,0 ——— 2RbOH + Н›О» + О, 


13.2.3.3 Reactions of Oxides with Dilute Acids 
The normal oxides react with dilute acids to produce salt and water. 


Li,O 4 2HCl ——> 2LiCl + H;O 
ss NaO + 2HCI ——› 2NaCI + H,O 


AST GEST RACE 


and RbO,. 
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produce salt and hydrogen peroxide. 


Na,O, + 2HCI ——> 2NaCI + НО, 


The super oxides are also strong oxidizing agents. They combine with dilute 
acids to produce salt, hydrogen peroxides and oxygen gas. 


2KO, + 2HCI ——> 2KCI + Н,О, + О, 
13.2.4 Reactions of Alkali Metals with Halogens 


Alkali metals react directly with halogens to produce their respective metal 
halides. 

2M + X, ——> 2MX 
Where, 


‘M’ represents Li, Na, K, Rb or Cs and ‘X,’ represents F>, Cl;; Вг; ог Ь. = 

For example; when sodium reacts with chlorine, then sodium chloride is 

formed. 
2Na + Cl, ——> 2NaCI 


The halides of alkali metals are white crystalline solids and are readily soluble 


in water. They are good conductors of electricity in the molten state or in solution 
form. - 


13.2.5 Effect of Heat on Nitrates, Carbonates and Bicarbonates 
13.2.5.1 Effect of Heat on Nitrates 
The nitrates of alkali metals are hi 


| into nitrites and oxygen gas on strong hea 


ghly stable toward heat. They decompose 
decomposes more readily into oxide, nitro 


ting except lithium nitrate. Lithium nitrate 
gen peroxide and oxygen gas. 
4LiNO; — =" > 915,0 + ANO, + O, 
NON — * —» 2NaNO, + O, 
he thermal Stability of nitrates increases d i i 
Rei cana Own the group due to increase in the 


13.2.5.2 Effect of Heat on Carbon 
The carbonates of alkali metals uem 
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13.2.5.3 Effect of Heat on Bicarbonates 

Tli: bicarbonates of alkali metals are stable toward heat but are not much 
stable. However, they decompose on heating to produce carbonates, carbon dioxide 
and water vapours. 


2NaHCO; “+ Na,CO; + CO, + НО 


The thermal stability of bicarbonates increases down the group due to increase 
in the polarizing power of positive ions. 


13.2.6 Flame Tests: Origin of the Flames 

Various metals give very attractive coloured flames when burnt in air. The 
colours of flames are the result of electrons moving from higher energy levels to 
lower energy levels in metal atoms. The alkali metals give characteristic coloured 
flames when a sample of an alkali metal or its salt is heated in the Bunsen burner. The 
colour of the emitted light (flames) can be used to identify the alkali metals. This 
process is known as flame test. Since the amount of energy released during the 
returning of ‘electron to the ground state is» different in different atoms, hence, 
different colours are imparted by the atoms to the flame. 


Table 13.21: Alkali metals and their Flame Colours 


Flame 
Colour 


13.3 Group 2 Elements 

The elements of group 2 (IIA) are beryllium, magnesium, calcium, strontium, 
and barium. They are all metals and are known as alkaline earth metals. They are 
harder, denser and have high melting and boiling points than alkali metals. Alkaline 
earth metals are always found in combined states with other elements. These are the 
second most active metals in the periodic table. They must be stored in oil (kerosene) 
to prevent their reaction with oxygen and water vapours in the air. They are not found 
as pure elements because of their high chemical reactivity. They are white or silvery 


€xcept beryllium 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


322° le trol n g ! } ) ka / Í y ? 


Table 1 


SS 
Valence shel] 


i PE i elec pa 
bol Atomic Electronic configuration e tronic 
= А ek. | 
Name Symbol | umber configuration | 


25 | 


ue 
Calcium 152 2s72p° 35°3p°4s° 452 | 
| Strontium 1522522р®3523р°45°34'°4р°5 s? 552 | 
| 1s?2s72p° 3573р°45°34!°4р° d | 
55°44'°5р°6бз° | S rcu 


152 2522р? 35°3р°45°3@ °4р° 
55°44°5р°бз-°4Ё 54 °6р°75° 


They have two electrons in the valence shell. They form dipositive ions by 
losing two valence electrons and attain the stable electronic configuration of noble 


gases. They show oxidation state of 42. Alkaline earth metals are less reactive than 
alkali metals. - 


ES Atami and Physical Properties of the Group 2 Elements 
З ME зе 
aes Ene S 1n some atomic and' physical properties of the group 2 elements are 


13.3.1.1 Trends in Atomic Radius 
The atomic radius: of alkaline 


due to increase in number of shells and shielding effect 
Table 13.23: Atomic Radius | 


Element, С 


Atomic radii of alkali 
ine e 
the same period. This is due to ae metals are Smaller than 


gh char 
13.3.1.2 Trendi lo өйы Ве density of alkaline 
Alkaline earth metals ha 


those of alkali metals i? 
tion Energies pare metals. 


ve two el 
valence electrons are more tightly bound 
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First Ionization 
Second Ionization 


Their first and second ionization energies decrease down the group due to 
increase in atomic radii. The ionization energy of radium is, however, higher than 
barium. 


Keep in Mind 


The ionization energy of radium is higher than barium. This is because the radium has a 
filled 4f subshell; the 4f electrons shield very poorly so that nuclear charge for radium is 
32 units higher than barium. The higher nuclear charge availablé for the radium valence 
electrons causes a contraction ofthe 7s orbital and an increase of the ionization energy. 


13.3.1.3 Trends in Electronegativity Values 
The electronegativity values of alkaline earth metals are small, but are higher 
than values for the alkali metals. 


Table 13.25: Electronegativity Values of Group 2 Elements 


Element ‘ne = Mg < p Ca [PS CE Ba EN 


The values of electronegativity.decrease down the group due to increase in 
atomic size. 


13.3.1.4 Trends in Melting and Boiling Points 
The melting and boiling points of these elements are higher than alkali metals. 


Table.13.26: Melting and Boiling Points of Group 2 Elements 


Exc me аа 
) 


Melting Point (°C) 
Boiling Point (°C) 
Melting and boiling points of these metals do not show any regular trend 
because they adopt different crystal structures. 
13.3.2 Trends in Reactivity with Water | 
| Although alkaline earth metals are less reactive than alkali metals, but they are 


Still more reactive than the majority of other metals. Alkaline earth metals (except 


n react with water to produce hydroxides with the liberation of hydrogen 
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:ncreas the group due to 
The reactivity of alkaline earth metals dis ps high ваго 
increase in atomic size. Beryllium does not react with КЕ (25°С), but it will react 
Magnesium does not react with water at room empa ae ee ican 
with steam to form magnesium hydroxide and nyc rog ; аня s roides tes 
strontium and barium react with water at room temperature to p 
hydrogen gas. 


13.3.3 Reactions with Oxygen and Nitrogen 
13.3.3.1 Formation of Simple Oxides and Peroxides | 
Alkaline earth metals react with oxygen to form normal oxides except barium 
and radium. Barium and radium, however, produce peroxides. The tendency of 
alkaline earth metals to form peroxides increases from top to bottom inva group. 
The reactivity of alkaline earth metals with oxygen increases going from the 
top of the group to the bottom. Beryllium is relatively inert because it has a strong 


thin layer of oxide on its surface. It reacts with oxygen at 600°C. It is much reactive in 
the powder form. Су 


Formation of normal oxides: 

| 2Be + О, ——> 2BeO 
2Mg + О ——> 2MgO 
2Ca + О, ——> 2CaO 


CY Keep in Minc 
Formation of peroxides: 4 


Ва + О, ——> BaO, 


Sr + О ——> SrO, 

13.3.3.2 Formation of Nitrides on Heating 
in Air 

All the alkaline-earth metals react with nitrogen to intermolecular force of 
produce nitrides of the general formula, MN), attractions, which leads to its 

3Be + № Ве, volatile nature. On the other 

3Mg +N s Hanes: c MgiN; 

3Ca + № ——> CaN} 
13.3.4 Trends in Solubili 

of 
Carbon {У of the Hydroxides, Sulphates and 


13.3.4.1 Solubility of Hydroxides 

The solubility of hydroxides in wa er increase 
group. Be(OH); and Mg(OH); are almost insoluble j 
of other alkaline earth metals are slightly sol e 
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13.3.4.2 Solubility of the Sulphates 
The solubility of sulphates in water gradually decrease down the group. Thus 
BeSO, and MgSO, are fairly soluble, however CaSO, is slightly soluble in water, 
while the sulphates of strontium, barium and radium are almost water insoluble. 


13.3.4.3 Solubility of Carbonates 


The carbonates of alkaline earth metals are very slightly soluble in water. The 
solubility decreases down the group. 


13.3.5 Trends in Thermal Stability of Nitrates and Carbonates 
13.3.5.1 Trends in Thermal Stability of Carbonates 

The carbonates of alkaline earth metals decompose on heating to form metal 
oxide and give off carbon dioxide gas. 


(aco; На) сю + СО; 


Thermal stabilities of carbonates of alkaline earth теѓаї$^іпсгеаѕе down the 
group due to increase in ionic radii of cation moving down thé: group. This increase in 
atomic radii of metal cations reduces their polarizing power, which results in less 
polarization of the anion (CO;^) by the larger metal cations. Because of this the 
decomposition of carbonates becomes more difficult: 


13.3.5.2 Trends in Thermal Stability of Nitrates 
The nitrates of alkaline earth metals decompose on heating to produce metal 
oxide, nitrogen peroxide and oxygen gas. г, 


2Ca(NO;), —B* —, 2CaO +4NO, + О, 


The temperature at which-thermal decomposition occurs increases moving 
down the group. 


13.3.6 Peculiar behaviour of Beryllium 

Beryllium differs in-many of its properties from other alkaline earth metals due 
to its small atomic size and comparatively high electronegativity. The main points of 
difference of beryllium from other family members are: 
i) Beryllium is much harder than other family members. 
5) Тһе melting and boiling points of beryllium are much higher than other alkaline 
. carth metals. 
ii) The compounds of beryllium are more covalent than other members of its 
family. This is due to high charge density of beryllium than the rest. The high 
charge density of beryllium makes the removal of electron difficult. 
Beryllium does not react with either cold water or steam. Other alkaline earth - 
metals react with water to form hydroxides and hydrogen pas 
ATO э Ca(OH) + Hz 
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v) Beryllium reacts with alkalis to produce hydrogen gas HMADother elements of 
its group do not react with alkalis. | 
Be + 2NaOH ——> Na2BeO + Н; 

Sodium beryllate 


vi) The oxides and hydroxides of beryllium are amphoteric. They: behave as acids 
towards strong bases and act as bases towards strong acids. 
Be(OH), + 2NaOH ——> Na;Be( OH), 
i Sodium tetrahydroxoberyllate ( II) 
Be(OH)> + H5SO, — 2 BeSO, + 2H.O 
The oxides and hydroxides of other elements of group 2 are basic. | 
vii) Beryllium carbide forms methane gas while other alkaline earth metals form 
acetylene gas on hydrolysis. SS 
Be;C +4Н›О ——> 2Ве(ОН) + CH, 
CaC, + 290 ——>» Са(ОН), + С-Н» 


viii) The nitride of beryllium, Be3N; is volatile while the nitrides of other alkaline 
earth metals are non-volatile. | 

ix) Beryllium forms а large number of stable-complex compounds whereas the 
other alkaline earth metals form very few:eomplex compounds. : 52,8. j 


|  . Mining and Extraetion of Elements/Metals 


| Mining of Elements/Metals 
| The earth crust is made up of various compounds and native elements such as 
| gold, silver, copper and sulphur. The main elements in the earth crust are oxygen (4696) 
and silicon (28%). The.rest of the earth crust is predominantly made up of aluminium 
| (894), iron (5%), calcium (4%), sodium (3%), magnesium (2%), and potassium (2%). A 
| Metals are importantto society and support our modern standard of living. The naturally 
| occurring rocks that contain metals or metal compounds in sufficient amounts to make it 
| profitable to.extract them are called ores. The extraction of ores from the earth is called 
mining. Ores'are natural resources that human beings have been mining for thousands 
| of yeats; The ores are mined from the ground, either by surface or underground methods 
Extraction of Elements/Metals from Their Ores | 


The method of extraction of a metal from its ore depends on the reactivity of 
| metals. The most reactive metals are extracted hardly while the less reactive metals are 
| extracted easily from their ores. The unreactive metals such as gold are not found in 
' and are found in un-combined states, a 
The reactive metals such as potassium i j 
| - f , Sodium, calcium, m i 
‘aluminium are extracted by electrolysis while the less reactive metals We e 


Жр such as zinc, i 
tin and leadare extracted by reaction with carbon or carbon monoxide en uu. 


и 
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Metal oxide + Carbon ^ Metal + © 
The carbon removes the oxygen from the 


leaving the pure metal behind. Reactions which 
way are called reduction reactions. 


The native metals such as copper, silver, gold and platinum do not need to be 
chemically extracted from their ores, but chemical reactions may be required to remove 
other elements that might contaminate the metals. 

ee ae 


arbon dioxide 
metal oxide and forms carbon dioxide, 
involve the removal of oxygen in this 


13.4 Group 14 Elements 


‚ germanium, tin and lead. They 
four covalent bonds. Carbon is 


ustry. Lead, a metal, has been used for 
ys it is mainly Used in the manufacture of 
nuclear reactors and containers used for 
ials. Tin, à metal, is used to coat other 
е used.in alloy formation such as solder, 


The elements of group IVA show intermediate properties. These elements are 
present between strongly electropositive elements (Group IA, IIA and IIIA) and 
strongly electronegative elements (Group VA, VIA and VIIA). 


Table 13.27: Electrühic Configurations of Group 14 Elements 


E" Е 


Valence shell 
Electronic configuration о 


configuration 


ES 
Si 18° 2522рб 3523р? 
18° 28°2р° 3523р®45234!94р2 


1s? 2522р 35°3р°45°34!'°4р®55244195р? 


50 
2 


8 


Ir V: ; ANA 2: 2 
—— Their valence shell electronic configuration is ns np. 
= Le улуу руге SONS Еа E E ES: 35 me SEA UP ai. Let il Ж, 
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13.41 Physical Properties of Group 14 (IVA) Elem 


E р i : elo у; 
T ` in E h y sical yroperties [0] 5 о 1 | 


ements decrease down the group. 


Son in inter-atomic forces. 
This is due to increase in atomic size and decrease in inte 


Melting Point (^C) 


The melting and boiling points of carbon and silicon are very high because 
they have tendencies to form macromolecules. 


13.4.1.2. Trends from Non-metal to Metal 


Metallic character increases down the group. Carbon: and silicon are non- 
metals, germanium is semimetal, and tin and lead are metals. The electrical properties 
of silicon are similar to that of a semimetal. 


13,4.1.3 Oxidation State 


The elements of group IVA have four electrons in their valence shells and they 
have an oxidation state of +4. The first three. elements may also have an oxidation 
state of —4 when they are bonded to more electropositive elements. Tin (Sn) and lead 


(Pb) also show an oxidation state of +2-that is the only oxidation state in which they 
produce ionic compounds. 


The stability of +4 oxidation state decreases and 


On the other hand, the compounds of Pb^* (PbC] 

: ar 
,, POCI). Therefore, the compounds of Pb^* are ionic a с сс han 
Pb“. The compoünds of Ph? more common than 


E act as reducin : 
oxidizing agents. Б agents while those of РЬ act as 


2 
the oxidation states of heavi 5 need more 
e 
elements of group IIIA, IVA, VA and VIA) are two соев. ер. пе last two 
рыч | Ould be expected. 


“аши 


mcr duin 
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The nature of bond is also affected by oxidation state. The metal compounds in 


their lower oxidation states are ionic in character while in their higher oxidation states 
they are covalent. For example, stannous chloride (SnCl;) and plumbous chloride 
(PbCl;) have +2 oxidation states and they are mainly ionic. Conversely the stannic 
chloride (SnCl,) and plumbic chloride (PbCL;) have +4 oxidation states and they are 
fairly covalent. This is because the size of Sn^* and Pb^* ions is smaller than Sn^* and 
Pb^' ions. The smaller the size of cation, the greater its tendency to form covalent 
bond. The tendency of cations to form ionic bonds increases down the group. 
13.4.2 Chlorides of Carbon, Silicon and Lead 

The chlorides of carbon, silicon and lead have general formula MCl,. They are 
simple covalent molecules that are held together by weak van der Waal's forces. 
Since, they have low melting and boiling points and are frequently volatile liquids. 
Their melting points generally increase with increase in molecular máss. They have 
tetrahedral geometries. : 
13.4.2.1 Preparation of Tetrachlorides | 

The tetrachlorides may be prepared either by heating the element with 
appropriate halogen or by passing dry halogen over a.highly heated mixture of 
dioxide and carbon. : 

M + 2Cb ——»5 МС 

MO; + 2C + 2Cl ——> MCI, + 2СО 

Where, M represents C, Si and Pb. 
13.4.2.2 Thermal Stability | 

The chlorides of carbon and silicon (CCl, and SiCl,) are stable at high 
temperature and does not decompose easily. Conversely, the chloride of lead 
decomposes on heating. The thermal stability of tetrachlorides decreases from ССІ, to 
PbCl,. Thus: ССІ, > SiCl, > PbCR 


13.4.23 Reactions with Water (Hydrolysis) 
Carbon tetrachloride does not react with water. 
ССІ, + H-O — > No reaction 


Silicon tetrachloride (or tetrachlorosilane) and plumbic chloride react with 
Water readily. i 


SiCl, +2H,O ——» SiO; + 4HCI 

PbCI, + 2H,O ——+ PbO, + 4HCI | 

Some of the PbCl, decomposes into РЬСІ, due to the instability of PbCl,. 
PbCI ,—> РЬСІ, + Cl, 


h PbCl, is ionic in nature and slightly soluble in cold water and more soluble in 
9t water, 
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б nts 
1343 Oxides of Group 14 (IVA) Elem? еу are: 


i and PbO. 
There are two main types of 89 Examples аге: CO, SnO an 
dec neral formula MO. EX СО», SiO», SnO; and 
MCA nier Hie Sin] formula MO». Examples аге: CO; 2 
ioxides: 


bO». silicon Dioxide 
1343.1 Structure of Carbon Dione wp ln silicon dioxide. 
The physical properties of carbon dioxide "ommercially used in fire 


is 
Carbon dioxide is a colourless and оао ае Ор melting вона 
:nouishers and to carbonate beverages. ESL as solid. 
ы Шу temperature. The oxides of the rest of the group are abor 


ine di t of the oxides 
Because of this the structure of carbon dioxide is different from the res 
of group IVA. 
Structure of Carbon Dioxide coe 
г Carbon dioxide consists of simple molecules. The molecule of carbon dioxide 
is triatomic. The bond strengths and bond lengths show that there are two carbon- 
| oxygen double bonds in the carbon dioxide molecule. 
Q-—C-—O 
The molecule of carbon dioxide has two dipoles. They are equal and have 
opposite directions. So they cancel the effect of each other. Therefore, the dipole 
moment of carbon dioxide is zero. Thus the only intermolecular forces in pure carbon 
dioxide are London dispersion forces. Hence; CO; is a gas. The solid СО, is called 
dry ice and has a face centred cubic structure. It is used in carbonated drinks, freeze 


meat, frozen foods and ice cream. 
Structure of Silicon Dioxide < 

Silicon dioxide is commonly Ó 
called silica. Most sands: Contain 


particle of silica and some i i ume T 
impurities like iron-oxide. Silicon “о “о SSS Ge ae 
dioxide is very stable. The structure 

of silicon dioxide"is very different 

RE carbon-.dioxide. It has no E a Si : 

iscrete molecules. It has three ~~} | 
dimensional polymeric structure. In с oo 
the crystal structure of silicon 


oxygen atom is bonded to two 
silicon atoms. Figure 


REEN DT ET 


dioxide, each silicon atom is bonded i : 
to four oxygen atoms and every Bos No m E 


Scanned with CamScanner 


J MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


There is a regular tetrahedral arrangement of four oxygen atoms around each 
silicon atom. This arrangement gives a giant structure of silicon and oxygen atoms. 

All the bond angles around silicon atom are 109.5°, consequently it has 
tetrahedral geometry. Silicon atom in silicon dioxide has no free electrons. Thus it 
does not conduct electricity under normal conditions. 
13.4.3.2 Acid-Base Behaviour of Group 14 (IVA) Oxides 

The acidity of oxides of group 14 decreases down the group. The dioxides of 
carbon and silicon are acidic while the dioxides of germanium, tin апа lead are 
amphoteric. The monoxide of carbon (CO) is neutral while those of tin and lead are 
amphoteric. 

Oxides of Carbon and Silicon 

Carbon monoxide is often regarded as neutral oxide, but it is. very slightly 
acidic. It does not react with water to produce the expected formic acid, but it can 
react with hot concentrated sodium hydroxide solution to produce solution of sodium 
formate. : \ 


NaOH + CO ——> HCOONa | 
Carbon dioxideis acidic and reacts slightly (about 0.196) with water to 
produce the carbonic acid. SP Lr : 


ВО + CO, «9 НСО; - AS. | 
The carbonic acid then ionizes slightly to form hydrogen ion and bicarbonate 


Ion. Á 
HCO, <= H'«HCO; NC 
The bicarbonate ion can further ionizé to give carbonate ion. 
HCO; == H' + СО, QX 
Carbon dioxide reacts with cold sodium hydroxide to produce solutions of 
either sodium carbonate or sodium bicarbonate, depending on the quantity of 
reactants. On 

NaOH + CO; —4>" NaHCO; 

2NaQH + СОС NaCO; + H;O 

Silicon dioxide does not react with water because it has giant covalent 
Structure. It reacts with hot concentrated sodium hydroxide solution to produce 
Sodium silicate. 


?NaOH + SiO) —> Na;SiO; + ЊО 


The Oxides of Germanium, Tin and Lead е ай 
x The monoxides of germanium, tin and lead (GeO, SnO and PbO) are amphc 
Sey react with both acids as well as bases. Sa 


ЭККЕН ЫИ E ae 
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i) GeO+2HCl ——> GeCl, + H;O 
GeO + 2NaOH —— Na »GeQ, + НО 
Sodium Germinate (II) 
i) SnO-2HCl ——— SnCl,+ НО 


SnO + 2NaOH —— Na;?SnO; + H,O 
Sodium Stannate (1) 


iii) PbO+2HCl  ——9 PbCl,+H,0 
PbO + 2NaOH ——> Na?PbO,; + H20 


Sodium Plumbate (II) 


The dioxides of germanium, tin and lead such as GeO», SnOs;-and PbO, are 
amphoteric as they react with both acids and bases to form salts. 


i) GeO,+4HCl ——— GeCl, + 2H,0 
СеО, + 2NaOH ——> Na;GeO, + H,O 


Sodium Germanate (IV) 
ii) SnO,+4HCl —— SnCl, + 2Н,О 
SnO; + 2NaOH ——» NaSnO; H,O 
Sodium Stannate {Vj 
iii) PbO;- 4HCl —› PbCl, + 2H30 
PbO, + 2NaOH ——> Na3PbO, + НО 


Sodin Plumbate (IV) 


Molten NaOH is requiréd for the i 
plumbate (IV). reaction of PbO» to produce sodium 


long tim 
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13.5 Group 17 Elements 

The group 17 (VIIA) elements consist of fluorine. chlorine. bromine. iodine 
ind astatine, and are collectively called halogens The word ‘halogen’ comes from the 
Greek ‘halos’ and ‘genes’ meaning ‘salt formers’. This is because all of these 
elements react directly with metals produce salts. They are all poisonous and 
corrosive. They are the most reactive nonmetals. Fluorine is the most reactive 
nonmetal known. Because of high chemical reactivity, they cannot exist as free in 
nature. They are found in combined form as minerals deposits in sea water, salt lakes 
and in underground salt beds. 

labli 29: 1 anon of VITA Group Elements 
5 eint à 

| Atomic 
| number 


|: Valence shell 
electronic 
configuration 


Name Symbol 


‚_——— — +- —— 4 — - — 


| Fluorine | F E | 1s°2s°2p" 

| Chlorine CI 17 | Is? 2522р 3823р. 

| Bromine | Br | 35 | ls” 25°2р° 3s! 3pf4s^3d 4p? 
| | | 1s? 2522р? | 

| Iodine | 53 ; А 

| | | | 35*3р°4534'9%р"55244'9%5р? 

| | 2 4.24.64 24 164.24 3104.6 

|Astaine | At | 85 нр 2s 20. S8 Sp я "d 4p 

| | Е 55“44/25р”65241'*54'%р' 


They have seven electrons dn their outermost shells. Two electrons in the ns 
orbital and five electrons in the^p orbital. The fluorine is the only halogen which 
shows only + oxidation satewhile other elements show —1 as well as +1, +3, +5, +6 
and +7 oxidation states. 

The halogens exist as diatomic molecules and they are all coloured. Their 
molecules are held together by weak van der Waal's forces, | 


Table 13.30: Physical States and Coloursef. Halogens 
| ааа 


Pale yellow | Greenish yellow | Reddish brown 


Elements 


Physical States 


| 
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an extra electron is added. to fluorine om, the high electre n density is produced 
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13.5.1 Atomic and Physical Properties of Tre "oup oMABlements 

The trends in some atomic and physical properties of the 
are discussed below: 


13.5.1.1 Trends in Atomic Radius 
The atomic radii of group УПА elements go on increasin 


the group. This is due to increase in the number of “shells. ` 
Table 13.31: Atomic Radius of Halogens 


group VIIA elements 


g as we move down 


13.5.1.2 Trends in Electronegativity 
Halogens have very high values of electrone 

from fluorine to iodine as the atomic number incre 

electronegative atom among all of the elements. 

Table 13.32: Electronegativity Values of Haloggfe > 


gativity. These values ccm 
ases. The Pd is the most 


^ * 


13. 5.1.3 Trends in M-— 5 


Electron affinity values dec ease fromcéhlorine to ОС ine. The electron affinity 


of fluorine is less than that 0 shlorine. This’ is due to sma ler size of fluorine. When 


round the fluoride ion. This high eleétron density increases the pulsion between the 
electrons already present in - the. 1e atively compact 2p orbital: S of fluorine and the 


| electron being added. Due toxthis electron- electron repulsion, he fluorine atom shows 


j я 
lesser peur to attract. опа 
electron affinity of S Бес n ine The order of electron 


" Halogens have low melins a and POE > : 
Bal ee ON Sa points. Their melting and boil and boilin 
points gradually increase down the group. This is because the London a 


forces become onea as we move > down nthe кор. 
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lable 13.34: Melting and Boiling Points of Haloven: 


Element F2 Ch 
-101 


13.5.1.5 Bond Enthalpies in Halogens 
The amount of energy required to break all bonds in one mole of gaseous 
substance is called bond enthalpy or bond energy. 


Table 13.35: Bond Enthalpies of Halogens 


Bond Enthalpy (kJ/mol) EL TT 243 193 Ow! 


The bond enthalpies of the halogens decrease from chlorine to iodine due to 
increase in atomic size, but the bond enthalpy of fluorine does not-fit the pattern. The 
expected value of bond enthalpy of F—F bond is about 290 kJ/mol. The actual value 
of bond enthalpy of fluorine is 159 kJ/mol. The decrease in bond enthalpy of fluorine 
is due to larger repulsion between the nonbonding electrons’ of small sized atoms of 
the molecule. 


13.5,1.6 Bond Enthalpies in Hydrogen-Halides 
The binary compounds of halogens with hydrogen are called hydrogen halides. 


They are also known as hydrides of halogens or hydrohalic acids. 
Table 13.36: Bond Enthatpies of Hydrogen Halides 


Hydrogen Halide |. HF Ен 
Bond Enthalpy (kJ/mol) SOS Qe | 432 4 [De n 


. The bond enthalpies of hydrogen halides decrease as we move down the group. 
This IS due to increase in thé-size of halogen atoms. As the size of halogen atoms 
Increases from fluorine to iodine, the hydrogen and halogen bond length in hydrogen 
halides (HX) also increase from H—F to H—I. The increase in H—X bond length 
ecreases the b feng f this the bond enthalpi 

Н ond strength. Because of this the bond ent pies decrease from H—F 


13.52 Strength of Halogens as Oxidizing Agents 

electro alogens are strong oxidizing agents because they can easily accept one 

О, to complete their octet in chemical reactions. The strength of halogens as 

ar... 18 agents decreases as we move down the group. This is due to increase in 
T Size and decrease in electronegativity. The oxidizing power of halogens 
ases in the following order: | 


Б> С> 


Вг,> I, 


siemens 
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ieee ; the halogens because of 
The oxidizing power of fluorine 1s maximum among 


its small size and high electronegativity. 
The oxidizing properties of halogens c 
The fluorine has ability to oxidize the 
chlorine, bromine and iodine respectively. 
F, + 2Cl ——> 2F + СІ, 
Е, + 2Br —— 2F + Вг, 
Е + 217 ——> 2Е +1, 


an be explained as follows: a. 
chloride, bromide and iodide ions to 


The chlorine has ability to oxidize the bromide and iodide ions to bromine and 
iodine respectively. 


Cl, +2F ——> No action 
Cl, + 2Br ——> 2СГ + Вг, 
Cl, + 217 ——> 2CI +1, 
The bromine has ability to oxidize the iodide ions to'iodine. 
Br; + 2F ——+> No action е“ i 
Br) 2Cl ——> No action 
| Br, +2Г —— 2В +1, 
The iodine cannot oxidize any halide ion. 
I, + 2F- ——+ No action 
1, + 2СГ ——+> No action 
l + 2Br ——> No action 


13.5.3 The Acidity of Hydrogen Halides 
All the halogens combine with hydrogen to 
HC! HBr, HI) and their aqueous solutions are co 


or simply halogem-acids, The general for 
hydrogen halidés-are irritant, 


produce hydrogen halides (e.g. HF, 
mmonly known as hydrohalicacids 
mula of hydrogen halides is HX. All the 


Н +X, ——), 2HX 


HX + H,O —— HOt + x” 


ets Pee 
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The acidic strength (proton releasing power) of HX molecules increases from 


HF to HI. The acidic strength of hydrogen halides is in the following order: 
HF < НСІ < HBr < HI. Thus HF is the weakest and HI is the strongest acid. HF 
ionizes only slightly and is therefore a weak acid whereas НСІ, HBr and HI ionize 
almost completely and are therefore strong acids. 


Table 13.37: Dissociation Energies of Hydrogen Halides 


Hydrogen Halide — — 


Dissociation Energy (kJ/mol) 


The weakest acidic nature of HF is due to (i) the high dissociation energy of 
the H—F bond and (ii) the formation of weakest conjugate base (Е), during the 


ionization of HF molecules. Its conjugate base has very little tendency to gain proton 
from water. 


13.5.4 Halide Ions as Reducing Agents and Trends in Reducing 

Strength of Halide Ions 

A substance that loses electrons during a chemical reaction is called reducing 
agent while a substance that gains electrons during’a chemical reaction is called 
oxidizing agent. 

The reducing agent reduces other substances (decrease the oxidation states of 
other substances) and is oxidized itself (its oxidation state is increased). The halide 
ions (or hydrogen halides) reduce the oxidizing agents and are oxidized to X; 
molecules. For example, 

4HX 4 О, —— 2Н,О 4 2X; 


In the above reaction; the halide ion (or hydrogen halide) acts as a reducing 
agent because it loses electrons. 

The trend in the reducing ability of halide ions (or hydrogen halides) is 
°pposite to the trend-in the oxidizing power of the halogens. The reducing properties 
of halide ions (or hydrogen halides) increase from fluoride ion (or HF) to iodide ion 
(or НІ). This^is due to increase in the ionic radii of halide ions down the group of 
Periodic table. The reducing properties of halide ions or hydrogen halides are in the 
following order: | 

F «CI «Br«f or HF«HCI«HBr «HI 
The fluoride ion or HF is the weakest reducing agent while the iodide ion or HI 
55 the strongest reducing agent. In reality, the fluoride ion or HF has no considerable 
ducing Toperties at all. The fluoride ion or 


Ab Im T XA 
Е. DTS, imu ul. Ae RN 22а [ms 
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even very strong oxidizing agents such as 562, 4 pe in Ый 
any of the halogens (Ch, Br and 1z) to its corresponding Es нё 


acids). For example: 


2F 4 Ch -——» No action 
2F + Br, » No action 
2F +1, ——- No action 


The chloride ion (CI) ог НСІ molecule reduces only strong oxidizing agents 


like F and is itself oxidized to Cl. It can neither reduce Br; пог h. 


ocr + Fa —— 2F + С, 


2C| + Вг ——— No action NY 
2Cl +1, — Мо action NN 

The bromide ion (Br ) or HBr molecule reduces Бапа Cl but not L. | 
)Br +R, —— 2F + Bt, pitts > RE 
2Br Ch —— 2CI + Br re ws 

2Br + 1, ——— No action | C" 


The iodide ion (Г) or HI molecule, being the strongest reducing agent, can 
reduce all of the other three halogens to.their corresponding halide ions (or halogen 
acids). CY 

2] 4E; — Е + QV 

21 + Cl; TO 2C #1, 

e. INŻ 
2] + Br CA 2Br + L 


LN 
We may say | that a given halide ion (or halogen acid) can reduce only that 
halogen molecule Which lies above it in the group 17 (VIIA) of the periodic table. The 


halide ion (ог logen acid) cannot reduce that halogen molecule which lies below it 
in the group; ^ 


| Properties and Commercial Uses of the Halogens 
| Properties and Uses of Fluorine 
Fluorine is highly toxic colourless gas. It is the most 
element. It reacts directly with all elements except helium (H 
It is used in the manufacture of chlorofluorocarbons, co 


electronegative and reactive 
€), neon (Ne) and argon (Ат). 
mmercially known as Freons- 


DES rs uu Ier 
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Freons are used as refrigerant in refrigerators, cooling agent in air conditioners, aerosol 

propellants and cleaning agents. Fluorine is also used in the manufacture of Teflon. Teflon 

| is a valuable plastic and is used for coating the electrical wiring. It provides a non-stick 
surface for frying pans and other cooking related products. 


Properties and Uses of Chlorine 
Chlorine (Ch) is a highly toxic gas with a pale yellow-green colour. Chlorine is 

chemically less active than fluorine but more active than bromine and iodine. Some of the 

uses of chlorine depend on its toxic effects. For example, chlorine is used as a disinfectant 
| in swimming pools and water treatment plants. Many organic compounds of chlorine are 

used in the manufac.ure of antiseptics, insecticides, weed killers and herbicides. Chlorine 
lisa very strong oxidizing agent and is used commercially as a bleaching agent. Large 
amounts of chlorine are used to make solvents such as carbon tetrachloride (СС), 
chloroform (CHCI), dichloroethylene ( CHCl), and trichloroethylene (С›НС1,). 
Properties and Uses of Bromine ao 


| Bromine (Вг») is а reddish-orange liquid with an unpleasant, choking odour. The 
vapours of bromine are irritating to the eyes and throat. Тһе liquid is highly corrosive and 
can cause serious burns if spilled on the skin. Brominé is chemically less active than 
fluorine and chlorine but more active than iodiné, Bromine is used to prepare flame 
retardants, fire-extinguishing agents, sedatives; germicides, pesticides, fungicides and 
insecticides. Bromine can also be used as a disinfectant like chlorine. 
Properties and Uses of Iodine "e 
Iodine is an intensely coloured sohd with an almost metallic- lustre. Iodine vapours 
are irritating to the eyes and respiratory system. Iodine is chemically less active than other 
halogens (not counting astatine) odine acts as an antioxidant in our blood. It is also used 
as à cough expectorant, and"is also helpful in treating allergies, dermatitis, bladder 
infections, and moles. Thé ‘human body uses iodine to make thyroxine, an important 
| hormone (chemical messenger) produced by the thyroid gland. The thyroid is a gland 
| located in the neck that plays an important role in metabolism. The deficiency of iodine in 
the human body/can lead to goiter’, a swelling around the neck. lodine can be used as a 
Water purifying-agent. It is also used as a sterilizing agent. Iodine can also be used for the 
\pr eparation of antiseptics such as iodex and tincture, 


Properties and Uses of Bleaching Powder 

Bleaching powder is also known as calcium hypochlorite or sometimes calcium 
°Xychloride and its chemical formula is CaOCh. It is a pale yellow powder and has a 
Strong smell of chlorine. It loses chlorine when it reacts with carbon dioxide as: | 


CaOCh + CO; ——9 CaCO; + Cb 
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It is mainly used to bleach cotton, wool, linen in textile n us T 2 mme И 
es YE : ? i tries ain various chemica ; 
It is used as an oxidizing agent in many industries (0 obtain M MESE med in the 
is used in the sterilization of water and makes water free from ge : : 5 ed ES 
" . are 2 а - ч € S О » | 
manufacture of chloroform, which is used as anaesthetics in hospitals Y ck dd 
and germicide in sewers and drains. It is used as 


surgery. It is used as a disinfectant 
\ bathroom cleanser. It makes wool unshrinkable. y ; дса з 


( Fluoride Toxicity and Deficiency 

| Fluoride is a trace mineral, which means i 
trace mineral is currently considered essential by some scientists. T 

| fluoride is to harden the bones and teeth. An adult male needs 1.5 t 

adult woman requires less and children require even less depending on 

| weigh. It is found in grape products, dried fruits, dried beans, cocoa powder.and walnuts. 

| The good dietary sources of fluoride are fluorinated water, sea food, seaweed and tea. 


t is only needed in a small amount. This 
he main function of 
o 4.0 mg daily. An 
how much they | 


‚ Fluoride Deficiency 

| The term fluoride deficiency means a condition where the concentration of 
fluoride essential to human health is less than required limit- The reduced intake could 
lead to a fluoride deficiency and result in the development Of dental caries (tooth decay). 
Deficiency of fluoride can cause dental caries, brittle and weak bones, and fractured hips | 
in the elderly. The dental carries in children is more, where the fluoride in drinking water 
| is less than 0.5 mg/L. Normally water containing 0.5 to 1 mg/L is considered to be 
| sufficient in most parts of the world. 


| Fluoride Toxicity (Overdose) 
| The term fluoride toxicity? means a condition where the concentration of 
| fluoride essential to human health is high than required limit. Excess fluorine can 
_ accumulate in teeth and bones, causing fluorosis. Fluorosis is a cosmetic condition, not a 
disease. Often, it is so mild that only a dental professional can detect it. Teeth affected by 
mild fluorosis may show no changes or changes visible only to a dental professional. Mild 
to moderate fluorosis produces white lines, streaks or spots. In more severe fluorosis, the 
teeth can become pitted and have brown, grey or black spots. | 
an unusual shape: 
The massive doses of fluoride (20 to 80 ppm daily) can give rise to: 
E Bs E which is a hardening of the bones along with arthritic pain, 
{ amage and finally paralysis. 
С Gastrointestinal irritation and haemorrhage 


The enamel also may have 
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\Summary of Facts and Concepts | 


e There are four blocks of elements in the periodic table, namely s-, p-, d- and f- 
block. 

e The s-block elements are those elements in Which last electron enters into s- 
orbitals. 

e The elements of group ІА are called alkali metals except hydrogen. They are soft, 
silvery-white metals and good conductors of heat and electricity. 

e The elements of group IIA are called alkaline earth metals. They are harder and 
denser and have high melting and boiling points than the alkali metals, 

e Alkali metals form 1+ ions by losing their one outer s-electron, while the alkaline 
earth metal form 2+ ions by losing their two outer s-electrons. 

• The elements of second period from multiple (double or/and triple) bonds but are 
generally unable to form more than four bonds. 

* The ionization energy and electronegativity generally<increase, while atomic 
radius and metallic character generally decrease from left to right in a period of 
periodic table. | 

* The ionization energy and electronegativity generally decrease, while atomic 
radius and metallic character generally increase from top to bottom in a group of 
periodic table. vt 

* The electronic configuration of group IVA show that they contain four electrons in 
their outer most shells, two electrofis/of which are in s-orbital and the remaining 
two are in p-orbitals. : 

e The elements of group IVA:(C, Si, Ge, Sn and Pb) show the usual increase in 
metallic character down the. group. They frequently adopt an oxidation state of +4, 
but the +2 state becomes increasingly more stable from Ge to Sn to Pb, | 

e Halogens (Е, Cl, Br and I) are very reactive non-metals. Oxidizing power of 
halogens decrease$from Б, to b. 

* The acidic strength of hydrogen halides increases from HF to HI. 

The reducing properties of hydrogen halides increase from HF to HI. 


ШШЕ >: Choice Questions —— 


Select one answer from the given choices for each question: 

1)  Whichofthe following give strong alkaline solution in water? 
(a) Sodium (b) Potassium 
(c) Beryllium (d) Magnesium 


Dest: SS оа 
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in The total number of electrons in the valence shell of p-block elements varies 
trom: 
а 1106 (b) 2107 
(c) 3108 (d) 1108 


üD Тһе atomic radii in s-block elements: 
(а) Decrease down the group 
(b) Increase down the group 
(c) Remains same in the group 
а) First decreases and then increases 
iv) Тһе gene ral electronic configuration of р- -block elements is às: 
(a) ns. ns” (b) ns. np 
(c) ns, пр" (d) ns’, np? ; { 
v) Alkali and alkaline earth metals give flame tests when burnt in air. It is due to: 
(a) Excitation of electrons 
(b) De-excitation of electrons 
(c) Smaller ionic radius of these metals 
(d) Smaller charge density of these metals 75 
vi Basic oxides react with acidic oxides to form 
(a) Hydrides (b) Halides 
(c) Hydrogen halides (d) Salts ~~ 
vii) The characteristic flame colour of césium is: 


(a) Green (b) Blue 
(c) Yellow (di Violet 
viii) Which one of the following oxides is acidic? 
(a) CO; « à (b) GeO; 
(C) SnO, 6 (d) PbO, 
ix) — Which one of the following elements only form dioxide? 
(a) Carbon .1 ^ (b) Silicon 
Germanium (d) Tin 
x) Тһе lowest melting points in carbon family (group IV A) is of: 
(a). Silicon (b) Germanium 
Y M ЫЙ ; (d) Lead 
xi ich one of the follow 
Wero owing reacts with water in elemental form at room 
(a) Argon (b) Sulphur 
Chlorine (d) Silicon 
xii) Which one of the following is liquid at room temperature? 
(a) Fluorine (b) Chlorine 
(c) Bromine (d) Iodine 
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Which one of the following is the strongest oxidizing agent? 


Fluorine Chlorine 
Bromine lodine 
The bond enthalpy of fluorine is: 
Less than chlorine More than chlorine 
More than bromine Less than iodine 
Which one of the following has giant structure? 
SO; (0) 510, 
ClO, (d) РО, 
Which halogen of the following can oxidize all other halide ions? 
lodine (D) Fluorine 
Bromine (d) Chlorine 
The НСІ is unable to reduce: 
Cl, (b) F, 
(C) 1, (а) НЕ 
xviii) Which halogen acid cannot Бе stored in glass containers? 
(a) HF (b) HCl | 
НВг (d) HI 


. Short Answer Questions J 


( 


О. Ww 


"oo wm. 


“Why are the alkali metals so reactive yia a 77 70 таш... 
Why are alkali metals stored in oil? 9e oed 
Why the reaction of caesium with water is very fast, violent and exothermic? 
What are the general trends.in melting and boiling points going down the alkali 
metals? 


What is the effect of atomic radius on the chemical reactivity of the alkali 
metals? i 

Which are the most and the least reactive alkali metals? 

What are the products of a reaction between: 

(i) An alkali metal and water? (1) An alkaline earth metal and water? 
How many electrons do alkaline earth metals have to lose to attain the 
electronic configuration of noble gases? 


Why are metals like sodium, potassium and aluminium not available in free 
State in nature? 
| Why is the ionization energy of radium higher than barium? 


hy is BeCl; covalent and not ionic? 


cy; 
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2 ; is amphoteric, how? | — тш. 
Bs ее why alkaline earth metals are less шин 
0.14. Write an equation to show the thermal decomposition s i i Sap an = 
Q.15. Write an equation to show the reaction of beryllium hydro 

and base. Р" 
Q.16. ind is molten sodium chloride a good conductor of electricity? 
Q.17. Why hydrogen and helium belong to s-block elements. : 
0.1%. Stannous chloride is more stable than stannic chloride, why? 
Q.19. SiO, is a solid and CO; is a gas, why? 
Q.20. Why Fluorine is the most reactive element in Group 17? o 
Q.21. Explain why the electron affinity of fluorine is less than that of chlorine? 
22. Why the bond energy of fluorine is less than that of chlorine? 
Q.23. Why is HF a weak acid than other hydrohalic acids? 


Q.24. Explain why the НСІ molecule can reduce only F, to HF but neither Br; to HBr 
nor I, to HI? 


Q.25. Why the reactivity of halogens decreases down the group? 
Q.26. Why are iodide ions stronger reducing agents than chloride ions? 
. What makes one atom more electronegative than another? 


Q.27 


Long Answer Questions f 


Q.1. Write a short note on s-block, p-block, d-block and f- 
Q.2. Discuss the atomic and physical properties of period 
Q.3. Explain the reactions-of period 3 elements with: 
(i) water (ii) oxygen (iii) chlorine. 
Q.4. Describe physical properties of oxides 


block elements? 
3 elements. 


: of period 3 elements. 
Q.5. What do you know about acid-base behaviour of the oxides of period 2 
elements? 
Q.6.: Describe reactions of the oxides of period 3 elements with: 
(1) water (ii) acids (iii) bases | | 
(0.7. Write note on structure electric iv 
| cal conductivit ; Solubili i oiling 
points of chlorides of period 3 elements. à MED 
Q.8. 


Write down properties of h i Sauk 
К ydroxides of eriod 3 e 
Q.9. What are alkali and alkaline i Хадари 


configurations? 


earth metals and draw their electroni‘ 
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. Describe the atomic and physical properties of alkali metals. 

. Explain the trends in reactivity with water of alkali metals. 

. Explain the reactions of alkali metals with oxygen and halogens. 

. Describe the effect of heat on nitrates, carbonates and hydrogen carbonates of 


alkali metals. 


4. How are the colours produced in the flame tests? Explain. 

5. Explain atomic and physical properties of alkaline earth metals. 

. Discuss the trends in reactivity of alkaline earth metals with water. 

. Describe the reactions of alkaline earth metals with oxygen and nitrogen. 

;. Discuss the trends in solubility of hydroxides, sulphates, and carbonates of 


alkaline earth metals. 


. Explain the trends in thermal stability of the nitrates and carbonates of alkaline 


earth metals. 


. How beryllium differs from other members of its group? . 
. Write short note on group 14 (IVA) elements. What are the atomic and 


physical properties of group IVA elements? 


22. Define the term inert pair effect. Explain inert pair effect in the formation of 


ionic and covalent bonds. 


. Write down preparation and thermal stability of chlorides of carbon, silicon 


and lead. 


. Describe the reactions of group IVA elements with water. 


25. Discuss the important oxides of group IVA elements. 


. Describe the acid-base behaviour of group IVA oxides. 

- What are halogens and draw their electronic configuration? 
- Explain the atomic and physical properties of halogens. 

<9. Briefly discuss strength of halogens as oxidizing agents. 

. Write note on acidity of hydrogen halides. 

. Halide ions act as reducing agents. Explain. 

- Give the trends in reducing strength of halide ions. 

- Write a balance chemical equation for the reaction of: 


1) Calcium with water 

ii) ^ Sodium monoxide with water 

iii) ^ Aluminium with water 

iv) — Sulphur trioxide with water 

v) Chlorine(VII) oxide (Dichlorine heptaoxide) with water. 
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14.1 Transition Elements 
142 Coordination Compounds 
14.3 The Chemistry of Some Specific Transition Metals 


| Learning Outcomes: 


Students will be able to: 
e Describe electronic structures of elements and ions of d-blockelements. (Applying) 
e Explain why the electronic configuration for chromium d copper differ from those 
assigned using the Aufbau principle. (Analyzing) N 
e Describe important reactions and uses of Vanadium; Chromium, Manganese, Iron and 
Copper. (Understanding) „© ы 
Explain shapes, origin of colors and nomenclature of coordination compounds. 
(Applying) е, 
Relate the coordination number of ions to the crystal structure of the compound of which 
they are a part. (Applying) 9" 
Define an alloy and describe some properties of an alloy that are different from the metals 
that compose it. (Analyzing) <~ 
Describe the reactions of. potassium dichromate with oxalic acid and Mohr's salt. 
(Understanding — . ^. 
e Describe the reactions of potassium manganate VII with ferrous sulpha ic acid a 
Mohr's salt. (Undérstanding) | anres: phate оханшыш аш 
Introduction 
t its that have partially filled d- or f-orbitals either in atomic states or 
m xidaition states are called transition elements. 
ce 
ements from group 3 to 12 are frequently called transition elements 


because they are located in between s-block and p-block elements in the periodic 
table. Their properties are intermediate between 


Jmm 


th : -block 
elements. ose of s-block and p-bloc 
Series of Transition Elements 
Series of d-Block Elements 


The d-block elements make up four complete series (rows) of ten elements in | 
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the periodic table. 


i) 


ii) 


iii) 


iv) 


3d Series: The first series (3d series) comprises the elements from scandium 
(atomic number 21) to zinc (atomic number 30). These elements are present in 
4" period. 

4d Series: The second series (4d series) comprises the elements from yttrium 
(atomic number 39) to cadmium (atomic number 48). These elements are 
present in 5" period. 

5d Series: The third series (Sd series) comprises the element lanthanum 
(atomic number 57) and the elements from hafnium (atomic number 72) to 
mercury (atomic number 80). These elements are present in 6" period. 

6d Series: The fourth series (6d series) comprises the element actinium 
(atomic number 89) and the elements from rutherfordium (atomic number 104) 
to copernicium (atomic number 112). These elements are present in T period. 
The outermost two shells (the valence shell and the pénultimate shell) of d- 


block elements are incomplete. 

The elements of group 12 (Zn, Cd, Hg) have no partially filled d-orbitals and cannot 
show the typical properties of transition elements. So these elements are not 
considered as transition elements. Nowadays, transition elements are only those with 


incompletely filled d-orbitals. 
Series of f-Block Elements 


The f-block elements make up‘two complete series (rows) of fourteen elements 


in the periodic table. 


i) 


ii) 


4f Series: The first series (4f series) comprises the elements from cerium 
(atomic number 58) to lutetium (atomic number 71). These elements are 
present in 6" period. 

Sf Series: The second series (5f series) comprises the elements from thorium 
(atomic number 90) to lawrencium (atomic number 103). These elements are 


present in 7" period. 


x. General Features 
| 4.1 General Features of Transition Elements 


They are all metals. 
They are hard, strong, ductile and malleable. 
They have high melting and boiling points. 


They are good conductors of heat and electricity. TT 
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v) They form alloys with one another and also with 
other metals. 


vi) They show variable oxidation states with few [Keep in Mind | 


exceptions, Mallcable means that the 
vii) Most of their compound are coloured in the solid | metals can be bent, rolled 


state or in solution form. For puppe CuSO, bcn tow EC 

(blue) , NiSO, (green) , CoCl (pink);-etc. Bb. ie овоне 

viii) They usually formsparamagnetic compounds-due - |: means that they can be 

to the presence of unpaired electrons. drawn out into thin wires. 

ix) Most of transition elements and their compounds | For example, copper is 

| act as catalysts. malleable and ductile, and 
x) Most of them have ability to “form ‘stable S ia 

complexes with many different ligands. This. is 


due to involvement of partially filled-d- and f= 
orbitals. 


14.1.2 Electronic Structure > 


The general electronic configurationcof- d-block elements is (п—1)4!-19 пе!-7. 
The specific d-subshell is one less (n-1 han the period number. 


But it is noted in the elements-such as Cr and Mo one electron from ns orbitals 
get shifted to (n-1)d orbital anc 


d orbitals 10 such elements, therefore, have one electron in ns 
n E instead of two. О of shifting makes the)\(n-1)d orbitals half-filled, 
imilarly in the elements већ а Cu, Ag and Au one electron from ns orbitals get 
ёсігоп in ns orbital 


get shifted to (n—1)d 


се such. elements have-orie €] 
of the electrons from ns orbital 


makes the (n=1)d orbitals comple 


ns orbital to (n-1)d orbitals is that the half- 


fil 7 

more stable than partially filled orbitals. led and completely filled orbitals are 

It is also noted that the el 

E “ments of group 3 i.e, scand | 

i ©. SCandiu 

oa ES C one electron in their d-orbitals, When they жак Wire 
Mass e er es (the two 4s electrons and one 3d electron) us Sens 6 
ions. Es 1ons have no d electrons and 80 the elements f to give tripositive 
as transition metals. 9! group 3 are not considered 
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x Ba] IA Р Troi 7 - 
Table 14.1: Electronic Configurations of the Atoms of 3d and 4d Series of d-block Elements 


3d Series Elements 4d Series Elements 
| Atomic Electronic 
UM Atomic Electroni 
Ele | Number Configuration Number болбайн 


Нр [Ar]3d°4s! [Krl4d's! 


: [Kr]4d*5s? 
i 28 SA? 4 

- [Ar]3d°45 46 [Kr]4d'°55° 
и | 29 [Ar]3d 4s! Ав AW) 47 [Kr]4d!°5s! 


14.1.3 Binding Energy 


kz Binding energy is the amount of energy that would be required to disassemble 
atom into free electrons and a nucleus-Tt is also known ag electron bindi 

This is more commonly known as iotization energy. Bead 

ee. e binding energy of most'of the d-block elements lie in between those of s- 

is p-block elements. It shows that they are more electropositive than -bl 
ments and less electropositive than s-block elements. " 


Trends in Binding Energy 
aa trend in binding energy can be best explained on the basis of number of 
Fin electrons that are involved in bonding. The greater the number of diiit 
wise CENE in metallic bonding, the higher will be the binding energy. When 
шы, күз left to right in a given series of d-block elements, the binding energy 
electrons P to group 5 (VB) or 6 (VIB) due to increase in the number of unpaired 
and then decreases across the period due to decrease or unavailability of the 


Г of unpaired electrons. 


14.1 : 
4 Variable Oxidation States 
Variable ost of the transition elements show more than one oxidation state (i.e. 
mi oxidation state). This is due to the involvement of d electrons in addition to s 


2125508, : 2L 


С) 
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= . the ifference betw 
electrons in bond formation. In transition elements. the e аа. нча: 
(а amd. ns orbitals ls very small and they have almost the е e н = = 
the electrons may easily shift from (п—1)4 to ns ЕНЕ i ue ea dation is А 
many transition elements range from 42 to +7. But their most frequen e 
is +2 and +3. ‘dati 
The stability of +2 oxidation state increases and that of +3 oxidation state 
(5с) to zinc (aoZn) in the series. Hence the +3 


ases as we move from Scandium es 
lud series and +2 oxidation state is 


oxidation state is more common at the start of the 
more common at the end of the series. 


: р Ў Т х x , е RC E "P 2 , "nts 
4.2: The Variable Oxidation States of the Atoms of 3d Series of d-block E == 


SEIL PRU ELA Гы РА с RT 
= | Xt " Electronic Stable e gd [sm 60 топ 
Element, Number Configuration Oxidation State | jdation State 


2 
^ | ma [eo 0| o 02 
CEBECTSOTUNE GORDON EN 

в | randas 9 

27 | (апзёд |] +2, +3 

» | wii етее 

акчи 


The relative stability of different oxidation states of a particular element can be 
explained on the basis of the stability of d°, d°, and 4! orbitals. For example: (i) Sc" 
(34° 45°) is more stable than Sc?* (3d! 450) because of the presence of 3d orbital in 
Sc* ion. (ii) Fe** (347 4s?) is more stable than Fe2* (34° 45) due to the presence of 3d 
orbital in Fe” ion. (iii) Ag* ion (3d'° 5s°) is more stable than Ag” (3d? 5s°) ion. 
Because Ар? ion has Зӣ! orbital. | 


14.1.5 Catalytic Activity 


Most of the transition elements (e.g. Fe, Ni, Pt etc.) and their compounds (e-£ 
V20;, MnO», CuCl, etc.) are used as a catalysts in many chemical reactions. Some 


vell-known examples of catalysts are listed in the table: А 
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tabte 14.3: Cata ғ and their Uses 


[ Catalyst Uses 


| Finely divided iron is used in the Haber-Bosch process for making 
| 7 ammonia 
Ni 


Raney nickel is used in the hydrogenation of vegetable oil to form 
ghee. 


Cu Copper is used in the oxidation of alcohols to produce aldehydes. 


P Platinum is formerly used in the Contact process for making RSO, 


for converting SO, to SO.. 


V20s is used in the oxidation of SO; to SO; needed for the 
production of H5SO, in the Contact process. з. 


TiCl, is used for the manufacture of polythene. «^^ 
MnO; is used for decomposition of KCIO, to produce О» gas. 
CuCl, is used for the manufacture of CL; ft om HCI. 


The catalytic behavior of transition elements is due to variable oxidation states. 
They may form unstable intermediates that-help in the formation of desired products. 
The catalytic behavior is also due to absorbance of gases on metal surfaces. 


14.1.6 Magnetic Behaviour < У 


The substances show two different types of behaviours when they are placed in 
а magnetic field. These substances; on the basis of this behavior, have been classified 
into two main types: (i) patamagnetic substances (ii) diamagnetic substances. The 
Substances that are attractéd-by the magnetic field are called paramagnetic substances, 
while the substances that are repelled by magnetic field are called diamagnetic. 

Most of the fransition elements and their compounds are paramagnetic. The 
paramagnetic behaviour of substances is due to the presence of unpaired electrons and 
‘he diamagnetic behaviour of substances is due to the absence of unpaired electrons in 
orbitals. The paramagnetic behaviour of substances increases with the increase in 
humber of unpaired electrons. The paramagnetism is expressed in terms of magnetic 
Moment (р), Greater the number of unpaired electrons, greater is the magnetic 
moment and greater will be the paramagnetic behaviour. The magnetic moment can | 
measured by magnetic balance (Guoy’s balance). The magnetic moment is related 
© number of unpaired electrons (n) by the equation: 


е H = yn(n +2 


et 
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The unit of magnetic moment is Bohr's magneton (BM). The value of 
magnetic moment (и) for different number of unpaired electrons can be calculated as: 


When,n-20,theng = 40(042) =0.0 BM 

When n=1,thenp = Jia +2) = 1.73 BM 
When, n=2,thenp = J2(2+2) = 2.83 BM 
When, n=3,thenp = J38 +2) = 3.87 BM 
(4+2) = 4.90 BM 
J5(5+2) = 5.92 BM 


Table 14.4: Number of Unpaired Electrons of the Ions of За Series of d-Bloek Elements 


©“ NER The No. of st’ Magnetic 
Metall Atomic NY 
Number | dy m diy 
& 


Unpairéd^ | Moment 
Electon 
21 


When, n = 4, then u 


When, n = 5, then u 


i 
у ә 
+ 


In 3d series (first series) of q- 
maximum number of unpaired electro 


14.1.7 Alloy Formation 


The mixture of two 
di ОГ more metals is ca] 
transition me 5 IS called alloy. S. 

tals, the atoms of one metal can be replaced b ee е eee e 
oms of other metal. 


This replacement gives rise to 
the formation of 
illoys are brass, bronze and stainless stee] e OE well-known examples ы 


шай: шшш —— арыны 


block elements, the 
ns, hence they are hig 


Mn^* and Fe** both have 
hly par amagnetic. 


Mute 
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able ЭЗ 


2: Composition of Different Alloys and Their Uses 


Percent Composition by 
Mass 
Iron (Fe) = 74% 
Chromium (Cr) = 18% 
Nickel (Ni) =8% 


Silver (Ag) = 92,5% 
Copper (Си) = 7.5% 


Alloy 


Stainless steel Surgical instruments, Utensil, 


knives 


Sterling silver Jewellery (ornaments, such as 


necklaces, rings, or bracelets), 
table ware 


Pewter Tin (Sn) = 8596 
Copper (Cu) =7% 
Bismuth (Bi) = 694 
Antimony (Sb) = 2% 
Mercury (Hg) = 5094 
Silver (Ag) = 35% 
Tin (Sn) = 15% 
Copper (Си) = 809% | > 
Zinc (Zn) = 10% 

Tin (Sn) = 10% 
Copper (Cu) <=60-85% 
Zinc (Zn) „<; = 15-40% 


Ornaments 


/, X 
Dental fillings 


Dental amalgam 


Bronze Statues, castings 


Ornaments, plating 


Alloys are usually hard, strong, have high melting points and are more resistant 
to corrosion than their parent metals. 


| Comparison of the properties of brass, bronze and their constituent 


| elements d 
ee Brass is:a metal alloy consisting primarily of copper, usually with zinc as the main 
Additive, but sometimes with other elements such as tin, iron, aluminium, manganese, or 
Silicon. Brass has higher malleability than zinc or copper. It has a low melting point (900°C) 
nd flows when melted making it easy to cast in moulds. Brass resists corrosion. ! 

.. Bronze is a metal alloy consisting primarily of copper, usually with tin as the main 
| additive, but sometimes with other elements such as phosphorus, manganese, aluminium, or 
‘Silicon. It is corrosion resistant, hard, and brittle. It is much harder than copper and has dull- 
| gold colour. It is a better conductor of heat and electricity than most steels, 

Brass is less strong as compared to bronze and is usually corrodes faster than bronze. 


Pt —1 Саа, 
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14.2 Coordination Compounds -— 
Coordination compounds are generally formed by d-block rer с 
called complex compounds. These compounds are formed by the lin ing M E 
ions or neutral molecules to the central metal atom or ion by coordinate k ne s. 
Е ере are:[Ni(CO) A. [CoCL (NB;);] etc. The complex ол s retain their 
| properties in the solid state as well as when dissolved in any polar solvent. 
There are three main types of coordination compounds: 
i) Cationic complexes - 
ii) ^ Anionic complexes 
ii) | Neutral complexes cal 
Cationic complexes carry positive charge, anionic complexes carry negative charge 
and neutral complexes carry no charge. Example are: 
[Cu(NH3]* is a cationic complex, [Fe(CN)g]- is an anionic complex and 
[Ni(CO)4] is a neutral complex. 
Cationic and anionic complexes are complex ions. The complex ion can be 
defined as: an electrically charged specie in which céntral metal atom or ion is 
surrounded by a suitable number of atoms, molecules/or-ions. 


14.2.1 Components of Coordination Compounds 
Components of coordination compounds are as follows: 

Central Metal Atom or Ion | 

A metal atom or ion that is surrounded by a suitable number of atoms, molecules 
or ions is called central metal atom, orion. Examples are: 
(i) In [Ni(CO),], Ni is the central metal atom. 
(ii) In [Ag(NH3);]', Ag" is the central metal ion. 
Ligand 

The ions or moleeules that are attached with 


donating the electron pairs are called ligands (fro 
present inside the coordination s 
) In[Ni(CO 


the central metal atom or ion by 


m Latin, “to tic Е 
phere. Examples аге: or bind). They are 


divided into two types on the bas; | | a Lewis acid. Ligand ainly 
: asis of i NANAS, аге In 
(i)mono-dentate ligands (ii) poly-dentate pu sites (electron pair donor atoms): 


The ligands which donate one electron бас fo 
mono-dentate or uni-dentate ligand. Examples: alix О 


central atom or ion are called 
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i) Neutral ligands: NH;. Н.О, dia 
ii) Anionic ligands: СГ, Br, I; CN, ОН”, CH,COO™ 


Poly-dentate Ligands 

The ligands which donate more than one electron pairs to central atom or ion are 
called poly-dentate ligands or multi-dentate ligands. Examples are: 
i) Neutral ligands: HsN—NH>, H:N—CH;—CH;—NH; 
ii) Anionic ligands: Cor, SO C502... PO- 

Poly-dentate ligands are further divided into bi-dentate ligands, tri-dentate 
ligands, tetra-dentate ligands, penta-dentate ligands and hexa-dentate ligànds. 
Bi-dentate ligands donate two electron pairs to central atom or ion: Examples are: 


i) 0. SO, СО 


i)  HjN—NH;, HjN—CH;—CH;— NH, 


Hydrazine Ethylene diamine (en) 


Tri-dentate ligands donate three electron pairs to central atom or ion. Examples are: 


D PO 
p. oe 
i) HN S E 
Н, н“ 


Diethylene triamine (dién) 
Tetra-dentate ligands donate four electron pairs to central atom or ion. Example is: 


EAS WC 
„Сыз Ns o as E 
Н, N AE С М С 
) H5 H5 H H5. 
Triethylene tetraamine (trien) 
P enta-dentate ligands donate five electron pairs to central atom or ion. Example is: 
н H Н, Њ Н 
>> N C ss ee RA 
H, nem <a cse >w Se C NH, 
Н, Н» Н H5 H5 RPS E күт" 


Tetraethylene Pentamine (tetraen) 
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Hexa-dentate ligands donate six electron pairs to central atom o ; 


О 
ES 
MAT Use MR. 
zo s e NC б 
0—66 (eo es 
m 2 || 


Ethylene diaminetetraacetate ion (EDTA* ) 
Coordination Number 
The number of lone pair of electrons provided by the ligands tosthe central 
metal atom or ion is called coordination number (CN). For example, the coordination 
number of Ag* ion in [Ag(NH3),]Cl is two and that of Cu2* ion іп [Cu(NH3)4]SO, is 4. 


A metal atom may show more than one coordination number in different complex 


compounds. For example, the coordination number of Fe" ion'in [FeCl4] is 4 and in 
[Ее(СМ),]? is 6. | ( 


Coordination Sphere 

The central metal atom or ion alo 
It is usually placed in square brackets. It may be anionic, cationic or neutral. For 
example, in K,[Fe(CN),], the coordinati 


r On.sphere consists of one Fe% 
CN ions and in [Cu(NH3),]SO,, the coordination sphere consists of one 
four NH, molecules, М 


ng with lígànds is called coordination sphere. 


ion and six 
Cu* ion and 


210 ination compound that is sid 
the co-ordination Sphere. For exampl * li or n оре 
[Cu(NH;),]SO, are į p f lin: KdEeCN ныла SOF in 
| Central metal 

atom or ion Ligand 
Pe d ai Co-ordination Sphere 


lonizable Sphere 


Co-ordination humber 
tive bond Number) 
Me ee Ic 
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Charge on the Coordination Sphere 
The sum of charges present on the central metal atom or ion and the total 
charge on the ligands is termed as charge on the coordination sphere. 
Example 1: 
The charge on [Fe(CN ) can be calculated as: 
Charge on coordination sphere = [charge on Fe(ID] + 6(charge on CN") 
= (2+) + 6(1—) 
= 4— 
Example 2: 
The charge on [Co(NH3)¢]° * can be calculated as: 
Charge on coordination sphere = [charge on Со(Ш)] + 6(charge on NH) 
= (3+) + 6(0) 
= 3+ 
When complex is neutral, the charge on the complex simply equals to oxidation 
number of metal ion. 


14.2.2 Nomenclature of Coordination Compounds 


Coordination compounds are named accordin g to the rules recommended by the 
IUPAC (International Union of Pure and Applied Chemistry). The rules for naming 
the coordination compounds are discussed as follows: s 
i) In naming the coordination complex, cations are always named before anions. 

No matter whether the cation is simple-or complex. This is just like naming an 

ionic compound. There should be @ space between the name of cation and the 

name of anion. For example, in naming K;[Fe(CN),], the simple cation (K^) is 
named first and then the complex anion is named. On the other hand, in naming 

[Cu(NH3)4]SO,, the complex cation is named first and then the simple anion, 

SOT is named. 

ii) In naming the coordination sphere, the ligands are named first and then the 
central metal atom. or ion is named. The oxidation number of the central metal 
atom or ion is written in Roman numerals in parenthesis just after the name of 
central metal atom or ion. For negative oxidation state a minus sign is used. 


es d ^ bise of central Bel A bers on number of "ecl 

Ligands atom or ion in Roman numerals | 

ЇЇ) If there are two or more different types of ligands, the negative ligands are 
named first, and then neutral ligands are named and lastly positive. According to 
the latest report issued by IUPAC, the names of ligands around central metal 
atom or ion is written in alphabetical order regardless of whether they are 
negative or neutral or positive. In this book the recent IUPAC nomenclature 

. System has been followed. 


Sr il eur а 
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iv) Ligands are named in alphabetical order. Bis шш га рее such as di, tri, 
tetra, penta etc. are not considered in determining that m er. ec MEE 

v) When there are two or more ligands of same (уре, the pre ‚ tri, tetra, 
penta and hexa are used for 2, 3, 4, 5 and 6 respectively. Ne uu. 

vi) When the name of the ligand already contains the numerica p ‘os | i i. 
tri, tetra, penta, etc. then the prefixes like bis, tris, tetrakis, pentakis, are use to 
indicate their number. The ligand name is kept within parenthesis to avoid 
ambiguity. 

vii) The names of negative ligands end in suffix o. 


Table 14.6: The Names of Some Common Anionic Ligands 
ESEN oed 


[— w& [S Ame _ 
СОЗ ( Carbonato ` 
so? Sulphato 
$o? Sulphito 
Table 14.7: ТАеМатев of Some Common Positive Ligands 


Nitro or nitrito , 


viii) The names of positive ligands end in *ium'. 


2 Ginou [С Wm [мшш 
ix) The names of neutral ligands have no special ending. Their names are not 
systematic. 


Table 14.8: The Names of Some Common Neutral Lic -ds 


Aqua or aquo 


Nitrosyl 
Dinitrogen 


Dioxygen . 


hydrazine 
Ethylenediamine 


vu 
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x) | When the complex is anionic, then suffix ‘ate’ is added to the name of metal. 
The -ate tends to replace -um, —ium, or —enum in the metal names if present. 


Table 14.9: The Names of Metals in Anionic Complexes 


Greek or Latin Name of | Name of Metal in an Anion 
is [ .  Femm 
Copper | Cuprum 
Silver Argentum 
Gold ааа 
Ti Stannum 


The rest of the metals simply have ‘-ate’ added to the end a&;shown in the table 
below. 


Table 14.10: The Names of Metals in Anionic Compléxes 
Name of Metal in Y Name of Metal in 
g~ 


Chromate 


Cobaltate GN 


ži) When the complex is cationi¢)or neutral, no suffix will come at the end of the 
name of metal. 


Name of Metal 


Aluminum 


Examples for the systematic names of complexes: 
1) — Ki[Fe(CN);] « '* Potassium hexacynoferrate(1T) 


li) K;[Fe(CN),] c © Potassium hexacynoferrate(IIT) 
iii) Na[Mn( соу) Sodium pentacarbonylmanganate(—T) 
iv) NajNi(CN)] Sodium tetracynonickelate(IT) 
| \) K[Ag(CN);] Potassium dicynoargentate(T) 
| vi) Naj[Sn(OH);] Sodium hexahydroxostannate(II) 
A "D NajFe(NO)(CN),] ^ Sodium pentacynonitrosylferrate(IIT) 
j УШ [Ni(CO);] Tetracarbonyl nickel(0) 
| К) [P(NH;);CI;] Diamminetetrachloro platinum(IV) 


| e Сос, Hexachlorocobaltate(III) ion 
67 К - at ~ ews ss 
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xi [ZnCl,]” Tetrachlorozincate(II) ion 

xii) [Cr(en)3]** Tris(ethylenediamine)chromium(III) ion 
хш) [Ag(NH;)2}Cl Diamminesilver(1) chloride 

xiv) [Co(NH3);]Cl Hexaamminecobalt(III) chloride 


ху) [Cu(NH3)4]SO, Tetraamminecopper(II) sulphate 
xvi) [Cr(H;O),Cl;]]NO; — Tetraaquadichlorochromium(II]) nitrate 
xvii) [Co(en)] (NO) Tris(ethylenediamine)cobalt(III) nitrate 


According to the latest report issued by IUPAC, the names of ligands. around central 
metal atom or ion is written in alphabetical order regardless of whether they are negative 
or neutral or positive. For example, in the complex [PtCl(NO,)(NH,),]SO,, the ligands 
are named in the order ammine, chloro and nitro. "M 


` 


Give systematic names for the following compounds. - 
) КУМИС] ii) Ca[Fe(CN)]. \. iii) K[Au(CN),] 
№ HICo(NH).(C,O),] — v) NHCHNHj;Br] у) [Fe(CO);] 
vii) [Ni(NH,),(NO, " (Сы. ллу e | 
ix) [СОСЫ i: с шЫйн) al м) [Fe(,0)gso, 
1423 Shapes of Comple» ions with Coordination Number 2, 4, and 6 
ere are four typical shapes of complex ions. They are чаш linear 


180°. Both the ligands lie in the same 

Examples аге: [Ag(NH;),]'* 
[Hg(NH3);]^*, [Н : - i 

перо ЕСМ, eal (Aw) ete, Раме 14,1; ruere 

— Complexes ARUM" 
€ coordination number of tetrah 

the four monodentate ligands are atte E: = 

7 МАЕ Cote ARDT а ^^ M РТТ mn n 

ӨРҮ ttim 


C x 
6i 
£u 


plexes is four. In these сотріехё 
metal atom or ion. Their bo” 


TTC 
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angles are of 109.5°. The ligands lie at corners of a tetrahedron. Examples are: 


(Ni(CO)4]°, [MnCl], [Zn(NH3)4}°*, [Cu(CN),]*>, etc. 
H 


A 


\ 


(H 
Ф-+ 
н 


Hj 
оф 
H 
н) 


> 


* A 

Figure 14.2: Structure of [CAUNH Г fh \ 
Square Planar Complexes 2. A» 

The coordination number of s 1 i h d H) 

quare planar (H 

complexes is also four. In these complexes four D AY 
ligands are attached to central metal atom or ion. Ф, g 
All of the ligands lie in the same plane at the М \ 
corners of а square. Examples аге: [Cu(NH3)4]”, a 6n 
МСМ”, [Cu(en);]". [Аис], «е: Figure 14.3: Structure x 
Octahedral Complexes [Cu H;OVf* 


The coordination number of; octahedral 
complexes is six. In these complexes six ligands are 
. attached to central metal atom or ion. Four ligands lie 
_ in the same plane and the other two ligands lie above 
and below the plane. Examples are: [Co(NH3)s]*, 
[AIF], [Fe(H>O),]**, [РЕСІ], etc. 


1424 Colour of Complexes 


Most of the. compounds of s- and p-block 
A Clements are colourless while those of transition 
| Clements are coloured. The colour of complexes Figure 14.4: Structure of 
(coordination compounds) is due to the absorption of [Fe(CN 
| Some radiation of a particular colour from visible light to promote an electron from 
"ne of the d-orbitals to another. 
The d-orbitals of isolated transition elements are degenerate (all the d-orbitals 
“Ve same energy). However, when the transition atom or ion is surrounded by 
ligands in a complex ion, the five d-orbitals split up into two sets of d-orbitals (called 
EUER. ENTARRA = Ы ee асада 


А ` не 


? NEC EXEC. dcc at 
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orbitals) are d,,, dyz and dy, and the е, orbitals (equidegenerate orbitals) аге 4,2 — qi? 
2 

a When white light falls on the transition elements that have partially 
filled d-orbitals, they absorb the radiation (colour) of particular wavelengths for the 
promotion of electron from a lower energy d-orbital to a higher energy d-orbital and 
the remaining radiations (colours) are emitted. Colour of the complex is the colour of 
emitted radiation. The process of promotion of electrons from lower energy d level to 
higher d energy level is called d-d transition. The energy difference of two sets 
of d-orbitals varies from ion to ion. Thus absorption of light of various wavelengths 
gives different colours to the ions. 

In the [Ti(H;O)q]"* ion, the central metal ion is titanium (Ті2*) The Ti^ ion 
has а! configuration and this electron is present in one of the t», orbitals. When white 
light falls on the aqueous solution of [Ti(H;O)s]* ions, then d.-electron of Ti^* ion 


absorbs yellow light and is promoted to e, orbital. Here most óf the blue and red light 
is transmitted. This transmitted li 


ght looks violet. Therefore, its solution has violet 
colour. | 


ИГЕ 
E^ diy: z 


"a, 
ы) 
б, 
б 
al 


g 
"a 
*s 
^. 
"| 
.. 
D 
. 
* 
^s 
5 


Figure 14.5: d-d transition of [T(H;O)s]"* ion 
The colours of 
Table 


some hydrated transition meta] ions are given in the table. 


c 14.11: Colours of Some Hydrated Transition Metal Ions 
№. of Electrons in 
d-orbitals 


Colour of 
Hydrated Ions 
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Transition | No. of Electronsin| No. of Unpaired Electrons | Colour of 
Metal Ion d-orbitals In d-orbitals | Hydrated Ions 
y за? 3 | Violet | 
бу” за? 3 | Green | 
a” 34° 4 Blue 
— -—] 
Мп“ за“ 4 Violet 
Мп” 3d^ 5 Light pink 


Со“ Pink 

Ni” Green 

Са? Blue | 
Zn^* Colourless 


From the-above table, it is cleared-that the metal ions having vacant or 
completely filled d-orbitals are colourless while those having partially filled d-orbitals 
are coloured. In other words the metal ions having unpaired electrons in d-orbitals are 
coloured and those having no unpaired-electrons in d-orbitals are colourless. 


Keep in Mind 


All of the five d-orbitals inna complex ion are higher in energy than the d-orbitals in an | 


isolated transition metal ior. 


The s- and p-block elements have no partially filled d-orbitals so there is бо 
апу d-d transition and thus their compounds are colourless. 


Keen in Mind 


olour of transition metal complex ions depends on: 

) — The number of d elegtrons present in the central metal atom or ion. 
li) The arrangement of ligands around the central metal jon, 

Hi) Тһе nature of the ligands. 

iv) Тһе number of ligands around the central metal ion. 

V) Тһе nature of the transition metal ion 

VD) — The oxidation number of the metal 


qom a a aS ушн Se eS (€ 05 ar 


i) 


ы 
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14.3 Chemistry of Some Important AS AnSTon AENEIS 


« 
oM i bundant element which is 
Vanadium is silver grey metallic element and is an abun lan is 
ab i Tt curs 1 ations. 
found in about 65 minerals. It generally occurs in low concentrat 


14.3.1,1 Oxidation States 


Vanadium has the electronic configuration [Ar] 3d* 4s. The most сонин 
oxidation states of vanadium are +2, +3, +4 and +5 corresponding ос, d^, d and d 
electronic configurations. The vanadium shows highest oxidation states when it 
combines with the highly electronegative element oxygen. The oxidation states from 
+3 to +5 can be maintained in aqueous solutions. The most stable state of vanadium in 
acidic solution is +3. When a solution of vanadium(V) such as [VO;]* is mixed with 


the solution of vanadium(ID), the +5 state oxidizes the +2 state to the most stable state 
(i.e. +3 state) in acidic solution. 


Оза) + WV * 4l. — IV + 200 


Table 14.12: Vanadium Oxides and Their Oxidation States 


Oxides of Vanadium 


Vanadium(II) oxide NT 
(Vanadium monoxide) +2 
Vanadium(III) oxide 


(Vanadium trioxide) — 
Vanadium(IV) oxide 
| (Vanadium dioxide) 
| Vanadium(V) oxide 
| (Vanadium pentoxide) 


The compounds of 
state) are reducing agents 
State) are oxidizing'agents, 
those of vanadium(IV) and 
oxidation statés are colourl 


anadium in their lower oxid 
whereas in their higher oxid 
The complexes of vanadiu 
(V) are oxidizing. The co 


ation states (і.е. 42 oxidation 
ation states (i.e. +5 oxidation 
m(ID and (IIT) are reducing and 


mpounds of vanadium in their +5 
ess due to vacant d-orbitals. 
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production of sulpitine Acid in the Contact Process. It oxidizes sulphur dioxide (SO;) 


to sulphur trioxide (503). 
SO; + V0O,—> SO, + 2VO; 


In this reaction, the vanadium(V) oxide is reduced to vanadium(IV ) oxide. The 
vanadium pentoxide is produced again \y the oxidation of air. 


2VO; + 1/2 О, ——» V20; 
14.3.2 Chromium 


The name of chromium is taken from the Greek word ‘khroma’ that means 


"colour" because it gives a large number of colourful compounds. Their compounds 
have violet, blue, green, yellow and orange colours. 

Chromium does not occur in free state. It occurs naturally as chromite (FeO. 
Cr;03) ore. The 96% of the world’s reserves are found in southern Africa: In Pakistan, 
it is found in Muslim Bagh (District Killa Saifullah) and Khanozai (District Pishin) of 
Balochistan Province. It is used to make stainless steel and some other alloys. 


14.3.2.1 Oxidation States 
The electronic configuration of chromium is [Ar]|3d'4s'. The common 


А + x 4 Д 4 
oxidation states of chromium іп compounds are +2, +3 and +6 corresponding to d^, d? 
and d? configuration. The most common oxidation state.of chromium is 43. 


Table 14.13: Compounds of Chromium anttheir Oxidation States 


Ques of Chromium | Formula [ation Sate | Nane — 
ааа обе |- сю — Cf |e 
Chromium(III) oxide ее MN. EE ae n 


Chromium(VT) oxide C QV *6 
(Chromium trioxide) aL | 


The compounds of chromium in their lower oxidation st 
State) are reducing agents. whereas in their higher oxidation st 
State) are oxidizing agents. The acidic character of oxides 
While basic character decreases by increasing oxidation states. 


ates (1.е. +2 oxidation 
ates (i.e. +6 oxidation 
of chromium increases 


Keep in ind 


The compounds of chromium in their lower oxidation states arc ionic and in thei 

higher oxidation states are covalent. , 

43.22 The саен Dikran Equilibrium 

k Chromates (e.g. Na;CrO, and K;CrO,) are the salt of chromic acid (H5CrO,) 
dichromates (e.g. Na;Cr;O; and K;Cr;O;) are the salts of dichromic acid 

НС; ОУ). Sodium chromate(VI), Na;CrO, is a yellow crystalline. solid and sodium 


СА 
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dichromate is an orange-red crystalline KORR ER REM sie M. 
; ing soluti 

А ate is dissolved in water the resulting S A 
sodium dichromate 1s diss 2- » ions. The yellow colour of solution is 
sodium (Малу) ions and dichromate (Cr;O*(44)) 10ns. кем — 
due to dichromate ions. The orange-red dichromate 10n$ in pes solution are in 
equilibrium with the yellow chromate ions as shown by the equation: 


2— + 
Сг›О2 а) + HO = 2СтОдаа) + 2Ha 
Orange-red Yellow 


The dichromate and chromate ions are in dynamic equilibrium. The 
equilibrium is sensitive to pH changes. It means the equilibrium can be moved from 
one side to the other by addition of acid or base. The decrease in pH favours the 
orange dichromate ions and increase in pH favours the yellow chromate ions. The 
shifting of equilibrium is observed by colour change. 

Adding hydrochloric acid (an acid) to the solution. will increase the 
concentration of hydrogen ions and pushes the equilibrium to the left to increase the 
concentration of Cr, OF (aq) ions. Now the predominant colour will be orange. On the 
other hand when an alkali (i.e. NaOH, KOH) is added to the solution, the 
concentration of hydrogen ions decreases by neutralization and hence the reaction 
proceeds in the forward direction to increase the concentration of СЮ ions. Now 
the yellow colour becomes more intense. 


It is concluded that from the aboye. discussion, the chromate(VT) is stable in 
basic solution whereas the dichromate(VI) is stable in acidic solution. 


Keep in Mind 


Ions with Zinc and an 


(VI) reacts with zinc i 
ur of solution shift from 


3 < Reduction of Dichromate(VI) 
Acid 


Potassium dichromate 
chromium(III) ions, The colo 


n the acidic solution to fort 
CrO% + 14H* 


orange to green. 


+ 3Zn ——, 2cp* + 7H;0 + 372+ 
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14.3.2.4 Potassium Dichromate(VI) as an Oxidizing Agent in 
Organic Chemístry 
Dichromate(VI) ion is a very powerful oxidizing agent in acidic solution. It is 
commonly used as an oxidizing agent in organic chemistry. It is commonly used to 
oxidize alcohols. 
i) Itis used to oxidize methanol te formaldehyde and then to formic acid. 


OH 
LE ai e K5Cr;O; 
HCH + FO] H50, H—C—H + ЊО 
H Methanol Formaldehyde 
Я 
H—C—H + [0] -ke нон 
Formaldehyde Formic Acid 
i) It oxidizes primary alcohols first to aldehydes and then to carboxylic acids. 
OH 
HC—C—H + [0] —x5,- HC—C—H + њо 
Н Ethanol Acetaldehyde | 
O O | 
K,Cr,0, 
H4C—C—H = IO] H;S0, Ha — C—O | 
Acetaldehyde | Acetic Acid | 


iii) Secondary alcohols are oxidized to ketones. Ketones are not oxidized easily. | 


| | | 
кыз —с— + | 
са ЈОЈ 180; H4C—C-—-CH, F HO | 
CH; 2-Propanol Acetone 
iv) Tertiary alcohols are not oxidized by potassium dichromate under acidic 


conditions. 
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san 4 ; 
(4.3.2.5 Potassium евсощаге,а tions to estimate the concentration 


Potassium dichromate is used in redox titra MEA aganit end is 
yf iron(II) ions in solution. The dichromate(VI) ion 1$ à роо /, is 
reduced to chromium(III) ion. 


COT + 14H* + бе — 2Cr* + 790 
The iron(ID) ion is oxidized to ігоп(Ш) ion. 
Fet ——Fe^* «e 


Hence, the K3Cr;O; reacts with FeSO, in acidic medium to produce Fe» SO, 
and Cr(SO4)s. 


K;Cr;O; + 7H;SO, + 6FeSO, ——9 3FexSO,). + CrXSO4); + K,SO, +.7H,0 


In this reaction, the oxidation state of chromium changes from +6 to +3 and 
that of iron changes from +2 to +3. : É 

The colour change of orange to green as the dichromate is reduce to the 
chromium(III) ion is not sensitive enough. Thus a redox indicator such as barium 
diphenylammine sulphonate must be used. This indicator gives a violet-blue colour 
when all the iron(II) ions have been converted to iron(III) ions. The indicator is 
affected by the presence of free ігоп(Ш) ions in the solution and thus it is difficult to 
get the accurate end point. Some phosphoric acid is added to the solution before 


starting the titration. The phosphoric acid gives a stable iron(IH) complex thus give: 
rise to an accurate end point. 


14.3.3 Manganese 


Manganese is a grey white, active metallic element. It is hard and brittle. It is 
used in the production of steel.and as a component of dry cells. It reacts with water 
and dissolves in dilute acids»Manganese is the twelfth most abundant element in the 


arth’ . 

ааа ёсе not occur in nature in free state. It occurs mainly as 

Ai же sa * e to a lesser extent as rhodothrosite MnCO.. It is 
, Brazil, Gabon, Chi : : RUN 

Africa. ina, India, Russia, Ukraine, Georgia and South 


14.3.3.1 Oxidation. States 


The electronic c : 
onfiguration of 
"NC ma 
oxidation states of manganese in is nganese is [Ar] 3d? 452 The common 


mpounds are +2, +4 and +] с 


d^ and d" configuration, The most stable oxidati orresponding to d, 
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manganese such as potassium manganate (KMnO4) and potassium permanganate 
(KMnO;. in their higher oxidation states (і.е. +6 and +7 oxidation states) are 
oxidizing agents. 


Table 14.14: Compounds of Manganese and Their Oxidation States 


[Oxides of Vanadium _ | Formula — | Oxidation State | Nature | 
мю 


The acidic character of oxides of manganese increases while basic character 
decreases by increasing oxidation states. 


14.3.3.2 Potassium Manganate(VII) as an Oxidizing Agent in 
Organic Chemistry 

Potassium  manganate(VID), KMnO, is usually% known as potassium 
permanganate is powerful oxidizing agent. It is probably the most useful of the 
oxidizing agents in organic chemistry. It oxidizes a wide range of organic molecules. 
KMnO, can be used in acidic, basic or neutral medium. The oxidation of KMnO, in 
acidic medium gives manganese(IT) ion while^in alkaline (basic) or neutral media 
MnO; is formed. The manganate( VII) is more stable in acidic solution than in alkaline 
and is always prepared in an acidic medium. 


Oxidizing Properties of KMnO, in Alkaline Medium 

When an alkene is passed through 1% alkaline solution of KMnO, (Baeyer's 
reagent) then vicinal diol called glycol is produced. In this reaction, the pink colour of 
KMnO; is discharged and you will get dark brown solid (MnO,). This test is used for 
the detection of unsaturation in a molecule and is known as Baeyer's test. 


3 CH=CH, +2KMn0,+ 4 H;0 -Celt., 4 Ж. 2KOH +2 MnO, 


OH H 
In this reaction, the alkali (KOH) produced makes the medium alkaline even 


when we start with neutral solutions. Thus this reaction can also be done under neutral 
conditions. 


Oxidizing Properties of KMnO; in Acidic Medium 

When an alkene is passed through acidified solution of KMnO, then glycol is 
Produced, In this reaction, the pink colour of KMnO; solution disappears because the 
à О оше; manganese(II) ions are formed. | 
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5H,C—CH; *2KMnO0, + 3H;S0, *2H;0 


5CH,—CH+2MnSO, + К;80; 


H 


14.3.3.3 Potassium Manganate(VII) as an Oxidizing Agent in 
Titrations 

Potassium permanganate, KMnO, in the presence of H280, is a powerful 
oxidizing agent and is used for various volumetric estimations. Titration is the most 
commonly ‘used method to determine the concentration of a substance that is 
unknown. The titrations based upon the reactions between oxidizing agents such as 
KMnO, and reducing agents such as FeSO, are called redox titrations. The redox 
titration involving KMnO, are called KMnO, titrations. The common example is the 
titration of standard solution of KMnO; against an analyte containing an unknown 
concentration of iron(II) ions. The balanced chemical equation for the reaction is as: 


MnO; + 8H* + SFe” ——>Mn” + SFe” + 4H;O 


The use of KMnQ, as a titrant is useful here because it can act as self-indicator. 
This 15 due the fact that the KMnO; solutionshas a deep violet colour that is highly 
visible to the naked eye. When this solution is titrated against the iron (III) solution, 
the colour of KMnO; solution becomes;pinkish. 

Another example is the reduction of oxalates. It oxidizes oxalic acid to CO.. 
The equation for this reaction is aS-ufider: 

2KMnO, + 3H,SO, + (СООН), —— K;SO, + 2MnSO, + 8H;O + 10CO, 

14.3.4 Iron 


Iron is the fourth-most abundant element in the earth crust. It is highly reactive 
and corrodes much:more easily than many oiner metals. Tt does not occur in the free 
state. It occurs.in.combined state. The most important ores of iron are magnetite 
(ЕезО, ), haematite (Ее,Оз) and limonite (2Ее›О». 3H,O). The largest producers of 
iron in the world are china, Australia, Brazil, India, and Russia. The important 
deposits of iron ore are found in various places of Pakistan that are Kalabagh, 
Nokundi, and Chinot. Kalabagh iron deposits are the largest. Р 


14.3.4.1 Oxidation States 

The electronic configuration of iron is [Ar] 3d° 4s? 
of oxidation states, —2 to +6, The most common oxidation 
are +2 and +3. The compounds of iron such as 
+2 oxidation states are reducing agents. 


. Iron exists in a wide range 
States of iron in compounds 
|Fe(H2O)]* and FeSO,. 79,0 in their 
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The Fe | has a За electronic structure and the electronic structure of Fe?* is 3d". 

The extra s:.ility associated with а half-filled d-subshell makes the change from Fe^* 
Fe** favourable. F i i | F 

to Fe very urable. For example, the oxide of iron(III) known as ferric oxide 
(Ее,Оз) is more stable than the oxide of iron(II) that is known as ferrous oxide (FeO). 
The piece of apple turns brown in open air due to conversion of iron(II) into iron(III). 
[t means that the +2 state of iron is easily oxidized to the +3 state in an open air. 


14.3.4.2 Iron as Catalyst ín Haber's Process 
Haber was a German research chemist. All of the ammonia that is produced 
worldwide is synthesized by Haber's process. In the Haber's process, nitrogen reacts 
with hydrogen to form ammonia. The major source of nitrogen is air and that of | 
hydrogen gas is methane from natural gas. | 
N, +3H, == 2NH, 
This reaction is reversible and the equilibrium is reached very slowly. Hence it 
is better to carry out the reaction in the presence of a suitableccatalyst to achieve the 
equilibrium rapidly. The suitable catalyst for this reaction is magnetite (Fe;O4) mixed 
with KOH, SiO; and ALO;. The incoming gases аге purified before entering the 
catalyst chamber so that avoid the poisoning of catalyst. Iron is a cheap catalyst and it 
reduces the cost of the process. 
14.3.4.3 Iron as Catalyst in Reaction between Persulphate and 
Iodíde Ions 
Persulphate ions (8,027) are strong oxidizing agents. They oxidize iodide ions 
easily. 


However this reaction proceeds very slowly at room temperature in an aqueous 
solution. A catalyst such as iron(II) or iron(III) is used to speed up the reaction by 


lowering the activation energy: Mb edm к 
ү the first step, the Persulphate ions oxidize iron(II) to iron(IID: 
8,024 + 2Ее{ 5а) —— 2$О за) + 2F (aq) 


| 

| 

| 

| 

| 

| 

z = y 2S0 ^t | | 
$205(aq) + аа) 4(aq) * *2(aq) | 
| 

| 

| 

+ ions oxidizes Г ions to L: | 
| 


9 
In the second step, the Fe” 


Wet Гу ——9 Felag + иә) 
The catalyst has been regenerated. 
14344 Reaction of Hexaaquairon(II) and Hexaaquairon(III) | 
mmonía | 
with Water and A STD with Wate | 


aquairo ; 
nd Hexaaq Һехаадиаігоп(Ш) ions are both 


(II) and the yellow. 
drogen 10n 


Reaction of Hexaaquairon(II) a 


,,, The pale green hexaaquairon d 
4cidic. They both act as acids by donating hy 


solution. [T Es 


s to water molecules in the 
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In case of ігоп(П) complex: 


[Fe(H;0)4]^*» Н.О z—3 [Fe(H;O)(OH)]'*- H3O* 


In case of iron(II) complex: 

[Fe(H;O)g** НО 29. [Fe(H;0)s(OH)}*+ H3O* 

The greater the charge density on central metal cation, greater the ability of а 
substance to give proton (hydrogen ion) and the greater the acidity of a substance. For 
example, һехаадиаігоп(Ш) is more acidic than hexaaquairon(II). 

Reaction of Hexaaquairon(II) and Hexaaquairon(IIT) with Ammonia 

Ammonia is a stronger base than water. It acts as a base by accepting proton 
(hydrogen ion) from hexaaquairon(II) and hexaaquairon(III) ions in the solution. 

In case of iron(II) complex: 


[Fe(H;O)g- 2NH; <==? [Fe(H;O)(OH);]* 2МН ш) 
In case of iron(II) complex: 


[Fe(H,O).]°*+ 3NH; э [Fe(H;0)(OH);]* 3NH(q) 


14.3.4.5 Reaction of iron(II) and iron(III) Ions with Carbonate 
and Cyanate fons 
Reaction of iron(II) and iron(II) Ions-with Carbonate 
The less acidic iron(II) complex (green solution) reacts with weakly basic 
carbonate ion to form the iron(II) carbonate (Green precipitate). 


[Fe(H?0);]^* + CO7 ——> FeCO, + 6H;O 


The more acidic iron(III) complex reacts with weakly basic carbonate ion to form the 
hydrated metal hydroxide ion complex and СО, effervescence. 


2|Fe(H,O)gJ"* +3607 —> 2[Fe(H,O)((OH)] + 3H,0 + 3CO, 


(Brown solutioif) (Brown ppt. and effervescence) 
In А DE ; 
the above equations the CO ion is unable to deprotonate the 


24 DT 
[Fe(H5O)s] ^. because of the lesser acidity of iron(II). In contrast, the СОзаа) ion can 


deprotonate the [Fe(H,O).]** to form the hydr í 
: ated ide ds ; 
because of the greater acidity of iron(II), y metal hydroxide ion complex 


Reaction of iron(II) and iron(III) Ions with Thiocyanate Ions 

A is Е example of ligand exchange reaction. When we add thiocyanate ions 
(e.g. from so iura or potassium or ammonium thiocyanate solution) to a solution 
containing ћехаадиаігоп(Ш) ions, we get an intense blood red solution containing the 


[Fe(H2O)s«(SCN)]"* ion. In this reacti akt ah | 
li ind: reaction the aqua ligand is replaced by thiocyanate 
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[Fe(H2O)g]"* + SCN^ — [Fe (H20)s(SCN)]^* + Н,О 
This reaction is NOT given by hexaaquairon(II) ions. 


14.3.5 Copper 
It is a reddish orange soft, malleable and ductile metal and has high thermal 
and electrical conductivity. It tarnishes to a dull brownish colour when exposed to air. 


It is often used in alloys, including brass and bronze. It is also used in electrical cables 
and in electrical appliances. 


Copper can be found as a pure native form but it mostly occurs in combination 


with other elements. Copper is found in Chile, China, Peru, and USA. In Pakistan, it 


is found in Reko Diq Balochistan. The major ores of copper are: (i):Cuprite, Cu,O 
containing about 88% copper (ii) Chalcocit 


e, CuS containing about 8096 copper (iii) 
Azurite (blue), 2CuCO;.Cu(OH), containing about 6596 copper (iv) Malachite 
(green), CuCO;.Cu(OH); containing about 5794 of copper. (v) Chalcopyrite, CuFeS, 


(CuS + Fe;S;) is the most common source of copper oré. It contains about 34% 


copper. It accounts for about 5094 of the world's copper production. 


14.3.5.1 Oxidation States 


The electronic configuration of copper is [Ar] 3d'° 4s!. The common oxidation 
states of copper in compounds are +1 and-32 corresponding to d' and q? 
configuration. Copper(I) is often called cuprous and copper(II) is often called cupric. 
Copper is the only transition metal for which the oxidation state +1 is important. An 
example of +1 oxidation state is copper(I) oxide, Cu;O and an example of +2 
Oxidation state is copper(II) oxide, CuO. 

Copper(II) is the most stable oxidation state in solution as well as the solid 
State and it is the most abundant one. Copper(I) is often the more stable State in the 


Solids at moderate temperatures. In aqueous solutions, the copper(I) is readily 
oxidized to copper(II). 


Cu) ——9 Сш, + e 
| The copper(I) ion is thus a reducing agent. The concentration of 
' Solution can be determined by titration with oxidants. 
14,3,5.5 The Reaction of Hexaaquacopper(II) Ions with 
e Hydroxide Ions, Ammonia and Carbonate ions 
faction of Hexaaquacopper(II) Ions with Hydroxide Ions 


al The hydroxide ion reacts with hexaaquacopper(II) ion to produce the inislubla 
Pale blue copper(I) hydroxide. 


[Cu(H0),]"* + 20H... — 35 [Cu(H;O)(OH);] + 2H,0 


SSE ee ees : 


copper(II) ions 


m 
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Reaction of Hexaaquacopper(II) Ions with Ammonia | | 
The reaction of aqueous copper(II) ions with ammonia solution occurs in two 

steps: 

Step 1: When a small amount of ammonia is added to the | solution of 

hexaaquacopper(II) ions, the ammonia molecules pulls out the hydrogen ions from the 


water ligands. 

[Cu(H;OJ]* + 2NH; ——> [Cu(H;O)(OH);] + 2NH; 
Step 2: When ammonia is added to the above solution in excess, the light 
blue ppt. of [Cu(H;O)(OH),] dissolves to form a deep blue solution of 
tetramminedihydroxocopper(II) ions. 

[Cu(H,0),(OH),] + АМН, —> [Cu(NH3),(H20);]^* + 20H + 2H;0 

In this reaction the two aqua ligands and two hydroxo ligands are replaced by 
four ammine ligands. 


Reaction of Hexaaquacopper(II) Ions with Carbonate Ions 
The hydroxide ion reacts with the hexaaquacopper(II) ion to form the insoluble 
compound, copper(II) carbonate. 


[Cu(H;O)g]* + СОЗ ——> CuCO; +690 


Uses of Transition Metal Compounds in Paints 

Pure transition metals are valued for many reasons, one being their ability to 
form highly coloured compounds. The transition elements such as chromium, iron, 
copper, cobalt, and titanium can form numerous coloured compounds with oxygen. 
For example, red paint comes from the compounds of iron and oxygen while green 
and blue paints come from different compounds of copper, chromium and cobalt. 
Titanium makes white paint with oxygen. 


e Тһе elements in Group 1B and Groups 3B 
transition elements or the transition metals. 
subshells either in atomic states or in any o 
general electronic configuration of q- 

e ‘Most of the transition elements an 
Catalytic behaviour is due to variabl 

e Binding energy, paramagnetic behaviour 

elements increase with increasing number of 


о RISER 


-8B are collectively called the 
They have partially filled d or f 
ther common oxidation states. The 
block elements is (n—1) d!-!° ps!?. 


d their compounds are used as catalysts: 
€ oxidation states. 


and melting points of transition 
unpaired electrons. 
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The substances that are attracted by the magnetic field are called paramagnetic 
substances, while the substances that are repelled by magnetic field are called 
diamagnetic. 


The compounds having complex molecules or ions and can exist independently 
are called complex compounds or coordination compounds. In coordination 
compounds, a central metal atom (or ion) is attached to a group of ligands by 
coordinate covalent bonds. 

The ions or molecules that are attached with the central metal atom or ion by 
donating the electron pairs are called ligands. Ligands can be mono-dentate or 
poly-dentate, depending on the number of ligand donor atoms attached to the 
metal. 

The number of lone pair of electrons provided by the ligands to the central metal 
atom or ion is called coordination number. Common coordination numbers of 
coordination complexes are 2, 4 and 6. The coordination number of linear 
complexes is two, tetrahedral or Square planar complexes is four and that of 
octahedral complexes is six. C 

Most of the coordination compounds are coloured in.the solid state or in solution 
form. The coordination compounds with metal ions whose d atomic orbitals are 
filled, like Zn?*, or have no d electrons, like Sc^*; are colourless. 


Multiple Choice Guestions | 


Select one answer from the given choices.for each question: 
i) 


Which of the following have completely filled d-subshell? 


(a) Fe, Co, Ni (b) Cu, Ag, Au 

(c) Ni, Pd, Pt (d) Zn, Cd, Hg | 

Which one of the following does not belong to transition elements? 
(a) Lead ' (b) Gold 

(c) Tin (d) Arsenic 

Which one of the following belongs to first transition series? 

(a) Silver (b) Gold 

(c) Iron (d) Mercury 


Substance that are repelled by a magnetic field are known as: 
(a) Paramagnetic substances 
(b) Diamagnetic substances 
(c) Ferromagnetic substances 
Paramagnetic and Diamagnetic substances 
aii se a BS 56 - 
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vii) 


viii) 


IX) 


X) 


xi) 


xii) 


xili) 


XIV) 


XV) 


ху?) 


xvii) 
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Elements found in d-block of periodic table are termed as: 


(a) Main group elements (b) Normal — af 
(c) Transition elements (d) Representative elements 
The most common oxidation states of iron are: 

(a) +1 and +2 (b) +1 and +3 

(c) +2 and +3 (d) +3 and +4 hie 

What is the correct electronic configuration for Ті“ ion? 

(a) [Ar]4s?3d" (b) [Ar]4s°3d? 

(c) [Ar]4s?3d" (d) [Ar]4s'3d' 

The number of unpaired electrons in zinc atom is: 

(a) O (b) 1 (c) 2 (d) 3 


Which of the following has the highest magnetic moment? 
(à) Gu (NÉ. тв) „Оо 2d) Ma 
In К.[Ее(С№),], coordination number of iron is: 


(a) 2 (b) 4 (c) 6 (d) 8 
Brass is a metal alloy that contains: v 

(a) Cuand Zn (b) Сапа Sn 
(c) Znand Sn (dj Sn and Mn 


Give the IUPAC name for K;[Fe(CN),]: 

(a) Potassium hexacyanoferrate (II) 

(b) Potassium hexacyanoferrate (Ш) 

(c) Potassium hexacyanoiron (II) 

(d) Potassium hexacyanoiron (III) 

The oxidation state of vanadium in V5O, is: 

(a) +2 4b) +3 (c) +4 (d) +5 
The coordination number of metal atom 


| or ion in a tetrahedral complex is: 
(a) 2 (b) 4 (c) 6 (d) 8 : 
Which óne of the following oxides is more acidic? 
(a) Sante (b) Mn;O, (c) MnO, (d) Mn;O; 
LAE starts from scandium to zinc? 
(a) 2" period M neri 
| b 
(c) 4" period acd 


(d) 5" period 
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xviii) Which one of the following act as a reducing agent? 

(a) HNO; (b) KMnO, 

(c) ШАІН, (d) K,Cr,0, 
xix) In the reaction given below, the oxidation state of vanadiumchanges from:2 

VO» + 1/2 О, ——À5 V,0, 

(a) *2to +3 (b) +3 to +4 

(c) +4to +5 (d) +5 to +6 
xx) Which is true for transition elements? 

(a) They have low melting and boiling points 

(b) They are insulators 

(c) They are diamagnetic 

(d) They show variable oxidation states 


Short Answer Questions 


Q.l. Define the following terms: 
(a) Central metal atom 
(b) Coordination number 
(c) Coordination sphere 
0.2. Why most of the transition ions are coloured? 
Q.3. Why majority of the transition metals are paramagnetic in nature? 
(4. Why are the elements of group 12 (IIB) are excluded from the transition series 
elements? 
0.5. The elements of group 3.(IIIB) are excluded from the transition series 
elements, why? 
Об. Write down the electronic configuration of Fe?* (Z = 26) and 7п2* (Z = 30), 
Q7. Why do transition elements show variable oxidation states? 
Discuss catalytic behaviour of transition elements. 
Y Ав? ior is more stable than Ag” ion? 
0.10. What is binding energy? Explain the trends in binding energy. | 
9.1 Melting points of d-block elements increase up to the middle of series and 
Q thereafter decrease, why? 
12. What is the oxidation state of zinc in [Zn(NH5),]^* ion? | 
ба. Why Cu% ions are paramagnetic while Zn? ions are diamagnetic? | 


- Which ; : 3 3 
Q Ich ion shows a lower magnetic moment: Fe'* or Cr*? 
| 15. Dete 


~ 


і * NI 


‘mine the oxidation state of cobalt in [Co(NH3)4(OH2)CICh. _ 
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‚ Long Answer Questions 


Q.1. What are transition elements? Describe the general features of transition 
9 | 
Q.2. т in voll know about the transition series of d-block and f-block elements’ 
Explain concisely. gate misti 
Q.3. Whatis binding energy? Discuss the trend in binding energy of transition 
elements? | 
Q.4. Discuss the electronic configuration of d-block elements. : 
0.5. What is magnetic behaviour? Describe the magnetic behaviour-of substances, 
Q.6. What are alloys? Give composition and uses of some well-known alloys. 
Q.7. Describe some properties of an alloy that are different from the metals tha 
compose it. 
Q.8. What are coordination compounds? How transition elements from thes 
compounds? 
Q.9. What are the components of complex compounds? 
Q.10. Explain different types of ligands with suitable examples. 
Q.11. Describe the rules for naming coordination compounds’, 
Q.12. Give systematic names for the following compounds. 


i) K3[Fe(C504)4] ^J diy КРС] 
iii) — H[AuCL] | iv) — Na[Fe(CN);NO] 
v) — (NHa4)5[PbCI;] LS v) [Cr(NO),] 


vii) | [A&(CN)j]' 

ix) | [Os(en)]Cl, 

х) — [Co(NHs)4(OH,)CIICI, 
Q.13. Write chemical formulae of the following complexes: 

| ) Hexaamminechromium(TI]) nitrate | 

ii) Hexaamminenickel(IT) bromide 

iii) Hexaaquaferrate(IT) ion 

iv) Tetrahydroxoaluminate(Trr) ion 


у) Tetraamminedihydroxo lat | 
l 
vi) Tetraamminech] i P паху) sulphate 


viii) | [Zn(NH3]* 
X)  [Co(SO,)(NH,),JNO, 


i | oronitrocoba]t(TgT) nitra 
vii) a etramminechloronitroplatinum(Ty) ae 
viii) Ammonium hexachlorotitanate(IV) “ы 
е Sodium hexafluorocobaltate(qiry | 
PURSUE Sie EELA NE iy: Cop ME 
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xi) Tris(ethylenediamine)cobalt(TI) sulphate 


Q.14. Describe the chemistry of vanadium, manganese, iron and copper. 
Q.15. Explain the chemistry of chromium, cobalt and nickel. 
Q.16. Find the charge on the central metal ion in: 

0 — [CwCN)]" i) [Co(NH3g]* 


ill) Na2[CoCl,] IV) [Cr(H5O)4]Cl; 


Q.17. Describe shapes of coordination compounds. 
Q.18. Describe origin of colours of complex compounds. 
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15.1 Sources 
15.1.1 Fossil remains: Coal, Petroleum, and Natural Gas 
15.1.2 Plants and Natural Products 
15.1.3 Partial and Total Synthesis 
15.1.4 Biotechnology 
15.2 Coal as a source of Organic Compounds 
15.2.1 Destructive Distillation of Coal 
15.2.2 Conversion of Coal to Petroleum 
15.3 Characteristics of Organic Compounds 
15.4 Uses of Organic Compounds 
15.5 New Allotrope of Carbon: Bucky Ball 
15.6 Functional Groups and Homologous Series 
15.7 Detection of Elements in Organic Compounds 


i Students will be able to: 
• Define organic chemistry and organic compounds. (Remembering) 
e Explain why there is sucha diversity and magnitude of organic compounds. (Analyzing) 
e Classify organic compounds on structural basis. (Analyzing) 
èe Explain the use of coal. as a source of both aliphatic and aromatic hydrocarbons. 
(Understanding) 
e Explain the use of plants as a source of organic compounds. (Understanding) 
e  Explainthatorganiccompounds are also synthesized in the lab. (Understanding) 
e Define functional groups and homologous series. (Remembering) 


Introduction 


In the late eighteen and the early nineteenth centuries, the chemists classified 
compounds into two main classes, organic and inorganic. Compounds obtained from 
plants or animals were called organic, whereas compounds obtained from non-living 
sources were called inorganic. For example, the acetic acid (from vinegars) and 
tartaric acid (from grapes) were called organic, whereas the marbles (from rocks) and 
sodium chloride (from rocks) were called inorganic. 

Today organic compounds are the chemical compounds containing carbon and 
many other elements such as hydrogen, oxygen, nitrogen, sulphur, phosphorus and the . 
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halogens. A small number of carbon containing compounds not categorized as organic | 
include carbonates, bicarbonates, carbides, cyanides, cyanates, CO, CO, and C$. | 
Carbon is the major element in organic compounds. Carbon is highly essential to life. | 
АП living things such as plants, animals, fungi and micro-organism on earth are made 
of carbon compounds. Because of t!.e great variety of ways that carbon can link with | 
itself and other elements, there are тоге than 16 million carbon containing | 
compounds. Chemists make thousands of new compounds every year, about more 
than 90% of them contain carbon. Much more than half of the world's chemists are 
organic chemists. 

A somewhat more useful definition of organic compounds is: the hydrocarbons 
and their derivatives are called organic compounds. The compounds <that contain 
carbon and hydrogen atoms are called hydrocarbons and the compounds that contain 
oxygen, nitrogen, sulphur, phosphorus and the halogens along with carbon and 
hydrogen are called derivatives of hydrocarbons. 


Definition of organic chemistry 
The branch of chemistry in which we study about hydrocarbons and their 
derivatives is called organic chemistry. i 


15.1 Sources of Organic Compounds 

There are two main sources of organic compounds: (i) natural sources 
and (ii) synthetic sources. Natural organic ‘compounds are present in our earth 
throughout our environment and they do not need to be made whereas the synthetic 
organic compounds are man-made and they do not occur naturally in the environment. 
The natural sources of organic compounds are: (i) fossil remains i.e. coal, petroleum 
and natural eas (ii) Plants (iii) animals. 


1511 Fossil Remains: Coal, Petroleum, Natural Gas 
There are three major types of fossil remains: coal, petroleum and natural gas. 
They are formed by long time (over millions of years) decay of plants and animals. 
Coal | 
Coal is a major source of organic compounds. It is a black solid fuel found | 
Under the earth. It is formed by decay of plants which were buried under the surface 
^f earth for hundred millions (about 300 million) of years at high temperature and і 
эзше. It yields coke (mostly carbon) and coal tar (complex mixture of organic 
mpounds) on destructive distillation. | 
ТЕ ere are three main types of coal on the basis of carbon content that are 
ыле (about 70% C), bituminous (about 80% C) and anthracite (92-98% C). The 
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quality of coal mainly depends on carbon content. Higher the carbon content better jg 
the quality of coal. Older coal generally has higher carbon content than young ones, 


Petroleum 


Petroleum is the major sources of organic compounds. Petroleum (Latin: 
petra— rock, oleum = oil) is formed by bacterial decomposition of plants and animals 
buried deep under porous rocks due to pressure and heat. The deposits of petroleum 
are comparatively younger than coal. It is a mixture of gaseous and liquid 
hydrocarbons. Petroleum on fractional distillation yields gasoline, kerosene, diesel, 
lubricating oil, paraffin waxes etc. 

Natural Gas 


Natural gas is also the major sources of organic compounds. It is. a mixture of 
low molecular mass hydrocarbons such as methane, ethane, propane and butane. 
Methane is nearly 8596 while other compounds are present in very small amounts. It 


is formed by decay of organic matter. It is found in porous rocks near petroleum 
deposits. 


15.1.2 Plants and Natural Products Chemistry 

Plants and animals are the major sources of organic compounds. Many organic 
compounds are obtained directly from plants and animals by using suitable methods 
of isolation. The compounds that are obtained from living organisms (plants and 
animals) are called natural products and the study of such compounds is called natural 


product chemistry. The important natural products that are obtained from animals are 
proteins, hormones, animal fats, urea, insulin and the important natural products that 
are obtained from plants are carbohydrates (cellulose, sugars, starches), vitamins, 
alcohols, acetone, acids, e 


stérs, vegetable oil, dyes, drugs, perfumes and fibres 
(cotton, jute). ы 


Important Medicines Obtained from Plants 


BT GSNREeGES ee аара rum 


kola nuts, etc. | 
Analgesic, antipyretic Willow tree and bark 
Antimalarial, antipyretic 
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Local anaesthetic 


Cocaine Coca plant 
|| Ephedrine hypotension, ES Ephedra 
antihistamine 
|| Morphine Analgesic Opium Poppy | 
| Treatment for capillary Citrus fruits such as orange, 
fragility grapefruit, etc. 


| Proteolytic, mucolytic 
Nicotine Neuroprotective, anti- 
inflammatory, insecticide 
Menhol [Rhen 


Gossypol Male contraceptive 
Bromelain Anti-inflammatory, 
proteolytic 


15.1.3 Partial and Total Synthesis ‘ 

Many useful organic compounds including ether, glycol, drugs, rubber, fibres, 
dyes, plastics etc. are synthesized in the Jüboratory. Now-a-days synthesis is the most 
important source of organic compounds;-The organic compounds that are synthesized 
in the laboratory are called syntheti¢ compounds and the study of chemistry of such 
compounds is called synthetic chemistry. 

Organic compounds .can be synthesized either through partial Synthesis or 
through total synthesis. The difference between partial and total synthesis is the 
Starting material. In partial synthesis (semi-synthesis), the desired product is obtained 
from an intermediat& product of reaction. For example, carboxylic acid is obtained by 
the oxidation of aldehyde by passing the oxidation of alkane and alcohol. 


O 


| с | 
с1а + 0) BO mo. og | 
Ethanal Bihanoic Acid n 
However, in total synthesis the starting material converts through various steps 


sired product. For example, carboxylic acid can be obtained by the oxidation of 
е through various steps. 


into de 
al 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Cu y— j “at 

CH4—CH4 4 [0] » НС CH, OH 
Ethane Vthanol 
| ( 


KC, ae, is АБЕ 
i мааа | С и ( Н 
HC—CH;—O0H + [0] -E ; 


Ethanol Hithanal 

) () 
ic ar t [0] И" рл oy 
Ethanal T Pthanoic Acid 


SA 

15.1.4. Products of Biotechnology e j 

Biotechnology involves the use of living organist s especially 
microorganisms or other biological systems in the manufact erof products or in 
industrial, agricultural, medical and technological applications, The compounds that 
are obtaíned by means of biotechnology are called produgfi.of biotechnology, Some 
of the important products of biotechnology are ethylene glycol, ethyl alcohol, 
hormones, acids, vitamins, vaccines, antibiotics, ete, A 


15.2 Coal as a Source of Organic саранд) 
m 


Coal is a most important source of organ pounds, 


| 15211. Destructive Distillation of Coal 

When coal is heated strongly, 300-1000C, in the absence of air, it 18 
converted into various useful orgie hd inorganic products, This process 16 called 
destructive distillation of coal, Wie major products of coal are: coal gas, coal tar, 
ammoniacal liquor, and соке, < 


Coal Gas q 


It is mixture of hydrogen (Hj), methane (CH4), carbon monoxide (CO) and 
other gases, It ig an excellent fuel, In the past, it was used for domestic cooking and 
lighting, Nowadays it is used as fue] in industries, 

Coal Tar . ^ 


It is a liquid product of coal, ft contains more than ic c j 
fractional distillation, it yields many useful Pii once eal 
toluene, xylene, phenol, cresol, naphthalene, anthracene, ete These com ands xe 
used in the manufacture of explosives, pesticides, perfumes s VEM » fibres 
vaphthalene balls, dyes and paints, Now 4 days these com winds i ally 
rbtained from petroleum. The residue left ig called pitch and aes for ти of 


oads and as a binder for roof making, 
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Ammoniacal liquor 

Ami onium compounds are obtained during the destructive distillation of coal. 
When dissolved in water, they produce ammoniacal liquor. It is used for making 
nitrogenous fertilizers such as ammonium sulphate, ammonium superphosphate etc. 
Coke 

It is a solid product. It is an almost pure form of carbon. It is an excellent fuel 
and burns without smoke. It is used in the manufacture of steel, calcium carbide, 
graphite, silicon carbide, and carbon disulphide as a reducing agent. It can also be 
used for making fuel gases such as water gas (CO + H;) and producer gas (CO + 2N;). 
15.2.2. Conversion of Coal to Petroleum 

The coal can be converted into a liquid fuel such as gasoline; kerosene or 
diesel through Fischer-Tropsch process. In this process, the coal gas that is obtained 
during the destructive distillation of coal, is converted into high quality, ultraclean 
liquid fuel products. The Fischer-Tropsch process is a collection of chemical 
reactions that converts a water gas into liquid hydrocarbons; The water gas is mixed 
with half of its volume of hydrogen. These reactions oecur at temperatures of 
150-300°C and pressures of 1 to 10 atmosphere in the-presence of certain metal 
catalysts (cobalt, iron, nickel and ruthenium). 


CO + Н, ==. Mixture of hydrocarbons + Н,О 
(Water Gas) 


Liquid coal can become a petroleum substitute (gasoline, kerosene or diesel) 
and can be used in the transportation industry. It is used in synthetic lubricants and 
synthetic waxes. 


15.3 Characteristic of Organic Compounds 

Organic compounds, inthe same way as inorganic compounds, obey all the 
fundamental laws of chemistry: There is no clear cut division in the properties among 
?r&anic and inorganic compounds. It is, therefore, difficult to isolate the properties of 
organic compounds froth inorganic compounds. However, organic compounds are 
studied as a separate branch of chemistry due to the following reasons: 
Catenation | 

The self-linKing property of an element by which an atom combines with the 
Other atoms of the same element to form long chains and cyclic Structures is called 
ation. Carbon has ability to form long chains, loops, sheets, and rings of carbon 

oms 


lsomerism 
Carbon atoms combine with other atoms in different ways to form different 
compounds. Such compounds have same molecular formula but different structural 
poulas. This process is called isomerism. Organic compounds show the 
Phenomenon f isomerism. 


еч apr me apr 
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Non-polar Character 


Most of the organic compounds are non-polar and poor conductors of heat and 


electricity. 


Solubility | | | 
Most of the organic compounds do not dissolve in water (polar solvents) but 


dissolve in non-polar solvents like ether, benzene, alcohol, acetone, etc. 
Rate of Reactions | 
Organic compounds are generally covalent and hence their reactions are 
usually slow. They usually need heating, thoroughly mixing and catalyst to speed up 
the reaction. 
Melting and Boiling Points 
They generally have low melting and boiling points. This is due to the presence 


of weak intermolecular forces. 


Flammability 

They are generally volatile and flammable. Thus, many of fuel like natural gas, 
coal, wood, oil are all flammable and provides energy to-us'in the form of heat and 
light. 


Stability ФЗ 
Most of the organic compounds are thermally unstable and decompose оп 


heating (above 500°C). у 
15.4 Uses of Organic Compounds 
Organic compounds play an important role in our daily life. The food we eat, 
the clothes we wear, the medicines we take for cure of disease, the paper we write on, 
the cosmetic we use for makeup; the soaps we use for washing the clothes are all 
organic compounds. The importance of organic compounds in our daily use is 
illustrated by the following list: 
i) ^ Food:Proteins; Carbohydrates, Fats, etc. 
ii) ^ Clothes; Cotton, Silk, Wool, Nylon, Rayon, etc. 
i) ^ Fuels: Wood, Coal, Natural gas, etc. 
iv) Medicines and Drugs: Penicillin, Aspirin, Cocaine, Morphine, etc. 
v) Insecticides and Herbicides: DDT, Malathion, Treflan, etc. 
vi) Dyes: Indigo, Alizarin, Malachite green, etc. ; 
vi) Explosives: Trinitrotoluene (TNT), Nitroglycerine, etc. 
viii) Daily life Materials: Soaps, Detergents, Perfumes, Flavours, Cosmetics. 
Plastics, Rubber, Resins, Paints, Varnishes, Inks, Leather, n NO 
Fertilizers, etc. 
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15.5 New Allotrope of Carbon: Bucky balls (Fullerenes) 

Unt the mid-1980s, the scientists thought 
that the pure carbon exist in only two allotropic 
forms 1.©. diamond and graphite. In 1985, the new 
allotropic form of carbon i.e. the buckminsterfull- 
erene, commonly known as a “buckyball.” was 
discovered by Richard Smalley, Robert Curl and 
Harry Kroto. Chemists worked with various models 
of carbon structures until they determined that 60 
carbons were most stable when joined together in a 
shape that resembles a soccer ball. They proposed | 
that the structure of the buckyball (Cs) was Figure 15.1: Buekyball С» 
identical to that of a soccer ball, with 32 faces, 12 of them pentagons and 20 
hexagons. Fullerenes (Bucky balls) consist of molecules composéd entirely of carbon | 
atoms arranged in the form of hollow spheres, ellipsoids „бг; tubes. Each molecule 
generally has both pentagonal and hexagonal faces. Fhe 1996 Nobel Prize in | 
Chemistry was awarded to Robert Curl, Richard Smalley and Harold Kroto for their 
discovery of a third allotropic form of carbon, buékminsterfullerene. The smallest 
member of bucky ball has 20 carbon atoms (C55). The fullerenes up to 100 carbon 
atoms are commonly obtained. The largest member of fullerenes has more than 600 
carbon atoms. The most common bucky ball is Ceo. Fullerenes are rare in nature. 
Small amounts of the fullerenes (bucky balls), in the form of Ceo, Cro, Cr, 
Се and Cg, molecules, are produced-in nature, have been found in soot and in the 
residue of carbon arc lamp. They are also formed by lightning discharges in the 
atmosphere. Bucky balls are amew family of aromatic organic molecules. They are 
‘oft like graphite. 


15.6 Functional Groups and Homologous Series 
UNCtional Groups 

deis Carbon forms-millions of different organic compounds. It is difficult to study: | 
Nol of such a large number of organic compounds. Hence, a system is 
miar for grouping of these compounds in an organized way. The organic 
oups pe are therefore, divided into different families on the basis of functional 
atoms 5 Order to make their study easy. A functional group Is an atom or group of 
Molecule ` molecule that is mainly responsible for the chemical behaviour of the 

` -ouble and triple bonds are functional groups. Different compounds that 


оңа; 
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compound of which it is a part. For example, the chemical properties of methanol 


(CH3OH), ethanol (CH;CH,OH), and propanol (CH43CH;CH;OH) are similar because 
they contain the same functional group (—OH group). If one functional group is 
replaced by another the properties of molecule will also change. For example, the 
chemical properties of methanol (СНОН) and methanoic acid (HCOOH) are 
different because they have different functional groups. Functional group is the 
reactive part of organic molecule; while the hydrocarbon portion is inert. A compound 
that has two or more than two functional groups is called polyfunctional compound. 
They may have complicated properties because the chemical behaviour of one 


functional group may be influenced significantly by the presence of another 
functional group. 


Some common functional groups and classes of organic compounds are given 
in the table. 


Table 15.1: Common Functional Groups in Organit Compounds 
for Nomenclature 


— 


— À— ` > t'alogen-containín, Compour 19 


Alcohols 


Phenols 


Ethers 


Aldehydes 
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2-Propanone 


Ethanoic acid -gic acid 


| E = ees, On. t — P— = z 
| | | Ethanoyl chloride | -oyl halide 


|. Homologous Series 

| A group of organic compounds^in which each member differs from the next 
member by a methylene group (—CH;—) is called homologous series. The members 

и homologous series are called homologs. For example, butane (CH;CH,CH;CH;) 
pentane (CH;CH,CH,CH,CHs) are homologs. ga У 


Table 15.2: The Homologous Series of Alkanes l b: 
Name of Aanes С Number of C оесщаг иие -onc ensed Structura 
Aa Atoms | EU Lad — Formula 
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Formula Formula 


General Characteristics of Homologous Series 
i)  Allthe members of homologous series have same structural formula. 
ii) All the members of homologous series have same functional groups. 
iii) They have similar chemical properties due to same functional groups. 
iv) They have different physical properties because. different members of 
homologous series have different molecular masses. 
v) Тһе molecular mass of the successive members of'à homologous series differ by | 
14 unit (CH; = 12 + 2 = 14). 
vi) The molecular formula of each successive homolog differs by a CH; group. | 
vii) All compounds in the series have same typeof elements. | 
viii) All the members of homologous series are prepared by the same methods. 
ix) АП the members of homologous series are represented by the same general 
formula. For example: | | 
Alkane: C,H;,,; 
Alkene: С.Н, 
Alkyne: C,H;, DE 
Alcohol: C,H;,,,OH 
Alkyl Halide:-C,H.,. X 
Where ‘n’ is number of carbon atoms. 


15.7 Detection of Elements 

All the organic compounds cont 
(except СС, CS», etc.) contain hydrogen 
compounds. In addition to carbon, hydrogen 


Number of C 
Atoms 


Name of Alkanes 


Hexane 
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detected by Lassaigne’s Test. 


Preparation of Lassaigne’s Solution for the detection of Nitrogen, 
Halogens and Sulphur 


Take a small piece of freshly cut sodium met 


al (pea size) in a fusion tube. Heat 
the tube with a flame until the sodium melts. The 


n add a small amount of unknown 


Na +C +N — NaCN (Sodium cyanide) 
Na+C+N+S —_, NaCNS (Sodium sulphocyanide) 
2Na * S ——, Na;S (Sodium sulphide) 

Na * X ——, NaX (Sodium halide). 


Caution Q- 
Never touch sodium metal with your fingers, use forceps. · 

Sodium metal reacts violently with water and it cause serious burns. 
Carry out the fusion reaction in the hood and wear safety googles. 
The Lassaigne’s solution is divided into four portions and is 
detection of nitrogen, sulphur and halogens (Cl, Br and I). 


used for the 


| Detection of Nitrogen 


. The sodium extract is\bòiled with freshly prepared ferrous sulphate solution in 
Mene of a little sodium hydroxide solution. The mixture is cooled and then a 
bo j с of ferric chloride solution and excess of conc. hydrochloric acid are added 
hitrope © formation of a green or Prussian blue colour confirms the presence of 
equ ii E ап Organic compound. The reactions are shown by the following 


FeSO, + 2NaOH —> Fe(OH), + Na,SO, 

POOH)” сы, Na [Fe(CN),] + 2NaOH 
(Green ppt.) (From sod.extract) (Sod.ferrocyanide) 
"Nu[Fe(CN);] + 4FeCl, —» Fe,[Fe(CN)s]; + 12NaCI 


RT 


"e 
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It is noted that when sulphur is present along with nitrogen in the given organic compound, al 
blood red colouration of ferric sulphocyanide ts obtained, | 


3NaCNS + FeCl, —— Fe(CNS), et 3NaCl | 
(Ferric sulphocyanide) — ' | 


Detection of Sulphur 
Sodium Nitroprusside Test ! | 
Sodium nitroprusside solution is added to the sodium extract. The formation of 
deep violet colour confirms the presence of sulphur in the given organic compound. 
2Na + S —— Nas 
Na,S + Na,[Fe(CN), NO] ——> Na,[Fe(CN); NOS] 
(Sodium nitroprusside ) (Deep violet colouration) 
Lead Acetate Test 
Freshly prepared lead acetate solution is added to the sodium extract in the 
presence of dilute acetic acid. The formation of black ppt. of lead sulphide confirms 
the presence of sulphur in the given organic compound. 
Na,S + (CH,COO), Pb —— РЬ5-+ 2СН,СООМа. 
( Black ppt.) 


Detection of Halogens 

The sodium extract is boiled. with concentrated nitric acid for some time (to 
expel the HCN or H;S if produced that would otherwise give a white ppt. of silver 
cyanide or a black ppt. of<silver sulphide with silver nitrate that is needed for 
identification of halogen)“Cool the mixture and add silver nitrate solution to it. The 
formation of: (i) white.precipitate, soluble in cold ammonium hydroxide, indicates the 
presence of chlorine (ii) light yellow precipitate, sparingly soluble in cold ammonium 
hydroxide and soluble in hot conc. ammonium hydroxide, indicates the presence 0! 
bromine while (iii) yellow precipitate, insoluble in ammonium hydroxide, indicate 
the presence of iodine in the given organic compound. 

The reactions are shown by the following equations: 


2Na + X, ——> 2NaX 
NaX + AgNO; ——» AgX | +NaNO, 


AgCl+2NH,OH ——» [Ag(NH;),]CI - 2H,O 
(Soluble) 
AgBr + 2NH,OH ——» [Ag(NH;),] Br+2H,O , 
(Sparingly Soluble) | | 


EE LO | 
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Summary o 


f Facts and Concepts 


Organic chemistry is the sturdy of hydrocarbons and their derivatives. 

Chemical compounds were generally classified as organic and inorganic on the 
basis of their origin. The compounds obtained from living things were called 

organic and those obtained from mineral sources were called inorganic. 

The natural sources of organic compounds are: (i) fossil remains i.e. coal, 
petroleum and natural gas (ii) Plants (iii) animals. 

The abundance of organic compounds is mainly due to unique behaviour of 
carbon. ` 

Most of commercially important products such as carbohydrates, proteins, nylon, 

natural gas, aspirin, penicillin, treflan, TNT, soaps, detergents, perfumes, flavours, 

plastics, rubber, paper, paints, etc. are organic in nature. | 
Bucky ball is the allotropic form of carbon consisting of molecules composed 

entirely of carbon atoms arranged in the form of hollow Spheres, ellipsoids or 

tubes. Each molecule generally has both pentagonal and hexagonal faces. 

A functional group is an atom or group of atoms in a molecule that is mainly 

responsible for the chemical behaviour of the molecule. Functional group is the 

active part of organic compounds. Different compounds that contain the same 

functional groups have similar chemical properties, regardless of the compound of 

which it is a part. 

A group of organic compounds in which each member differs from the next 

member by a methylene group (—CH;—) is called homologous series. The 

members of homologous series aré-called homologs. For example, ethane (C2H6) 

and propane (C3Hg) are homologs. | 


iple Choice Questions, 


lect one answer from the given choices for each question: 


The conversion Of coal into petroleum products is carried out by 
a) Fischer-wood process 
b) Fischer-Tropsch process 
с) Brikeland-Eyde's process 
d) Landler process 

Organic compounds that show weak attractive forces have: 
a) High boiling points 
b) High melting points 
c) Гоу melting points 


A 
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Bucky ball consist of commonly 
a) Ceo, having 30 faces (20 hexagonal and 10 pentagonal) 
b) Ceo, having 32 faces (20 hexagonal and 12 pentagonal) 
с) Сео, having 60 faces (40 hexagonal and 20 pentagonal) 
d) C», having 62 faces (40 hexagonal and 22 pentagonal) 
All the members of homologous series have: 
a) Different types of elements 
b) Different physical properties 
с) Different chemical properties 
d) Different functional groups | 


v) Which type of functional group is present in the given compound 


vi) 


vil) 


viil) 


a) Carboxylic acid 
b) Aldehyde 
c) Ketone 


d) Acid amide : 

Homologous compounds.differ from each-other by 

a) Alkyl group 

b) Methylene group 

c) Methine group __ 

d) Methyl group : js 
When hydrogen is removed from alkanes, the product obtained has general 
formula 


a) С„Нәл+2 
b) С.Нзь-2 
С) С.Нљы 
d) С.В 
Which functional groups are present in the given amino acids: 
О i 
НМ ——CH—— C—O 
CH, 
a) Amino and hydroxyl group- ` 
b) Amino and alcoholic group 


= 
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c) Amino and carboxylic acid group 
d) Amino, carboxylic acid and alkyl group 
ix) When nitrogen containing compounds are treated with Lassaigne' solution, the 
solution obtained is of : 
a) Red colour 
b) Prussian blue colour 
c) Mixture of blue and green colour 
d) Black colour 
X) Black colour solution is obtained when sulphur containing compounds are 
treated with: 
a) Sodium nitroprusside solution 
b) Lead acetate solution 
c) Tollens reagent 
d) Both a and b 


Q.l. Where natural gas is usually found? Give its two important uses. 

0.2. What are the uses of coal tar? 

Q.3. What is coke? What are its uses? | 

0.4. Who discovered the bucky ball? How many sides are there on a bucky ball? 

Q5. What is the geometrical Shape of a Bucky ball? = | 

Q.6. Can a bucky ball conduct electricity? 

Q.7. Define synthetic compounds and Synthetic chemistry. 

Q.8. . What are the two main functional groups found in amino acids? 

0.9. Why sodium metal is stored in kerosene oil? 

Q.10. Why are organic compounds fused with sodium metal for preparing 
Lassaigne's solution? : | E 


9.1. Why solution of ferrous sulphate is freshly Prepared during detection of 
nitrogen? | 


| Long Answer Questions Jj 


Define organic chemistry. What is the importance of organic chemistry in our 


Q2 daily life? } 
03 Define Organic compounds, What are the uses of organic compounds? 
0. 4 at are the natural sources of organic compounds? Explain. 


at are the common varieties of coal? Which variety of coal has the highest - 
Carbon content? - | 
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Define natural product chemistry and describe the use of plants and animals as 
a source of organic compounds. | | | 
Describe the synthesis of organic compounds 1n the lab. What is partial and 
total synthesis? 
What do you know about products of biotechnology? 
What do you know about destructive distillation of coal? What are the various 
products obtained from it? Discuss. 
How can coal be converted into petroleum? Discuss briefly. 
What are the important characteristics of organic compounds? 
Define and explain bucky ball. 
Define functional group. How does a functional group affect the properties of 
an organic compound? Give common examples of functional groups. 
What is meant by homologous series of carbon compounds? Give homologous 
series of alkanes. | NM. 


What are the general features of homologous series? 


£^ ~ - LE y 
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Hydrocarbons 


Chapter 
16 


OS a eee 


‘Major Concepts, 


16.1 Hydrocarbons 

16.2 Alkanes and Cycloalkanes 

16.3 Radical Substitution Reactions 

16.4 Oxidation of Organic Compounds 
16.5  Alkenes : 

16.6 Isomerism 

16.7 Alkynes 

16.8 Addition Reactions of Alkynes 

16.9 Benzenes and Substituted Benzenes 


Learning Outcomes: 


Students will be able to: Qc 

e Classify hydrocarbons as aliphatic and aromatic. (Understanding) 

* Describe nomenclature ofalkanes and cycloalkanes. (U nderstanding) 

* Explain the shapes of alkanes and cycloalkanes exemplified by ethane and cyclopropane. 
(Applying) pp Ax. 

* Explain unreative nature of alkanes towards polar reagents.. (Applying) 

* Define homolytic and heterolyti¢ fission, free radical initiation, propagation and 
termination. (Remembering) | ex 

* Describe the mechanism of free radical substitution in alkanes exemplified by methane and 
ethane. (Understanding) j | 

* Identify organic redox reactions. (Understanding) 

* Explain what is meant by a chiral centre and show that such a centre gives rise to Optical 
isomerism. (Understanding) 

* Identify chiral centers in given structural formula ofa molecule. (Analyzing) 

* Explain the nomenclature of alkenes. (Understanding) 

* Explain shape of ethene molecule in terms of sigma and pi C—C bonds. (Under standing) 

* Describe the structure and reactivity of alkenes as exemplified by ethene. (Applying) 

* Define and explain with suitable examples the terms isomerism, Stereoisomerism and 

Structural isomerism. (Remembering) 

Explain dehydration of alcohols and dehydrohalogenation of RX for the preparation of 

ethene, (Understanding) X id 

Describe the chemistry ofalkenes by the following reactions ofethene: 

a rogenation, hydrohalogenation, hydration, halogenation, halohydration 

: OSCR DONO Meee EE 105 
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epoxidation, ozonolysis, polymerization. (Understanding) 


e Explain the concept of conjugation in alkenes having alternate double bonds 
(Understanding) 


Use the IUPAC naming system for alkenes. (Applying) 

Explain the shape of benzene molecule (molecular orbital aspect). (Understanding) 
Define resonance, resonance energy and relative stability. (Understanding) 
Compare the reactivity of benzene with alkanes and alkenes. (Applying) 


Describe what is meant by the term delocalized electrons in the context of the benzene ring. 
(Understanding) | 


Describe addition reactions of benzene and methyl benzene. (Applying) 

Describe the mechanism of electrophilic substitution in benzene. (Understanding) 
Discuss chemistry of benzene and methyl benzene by nitration, sulphonation, 
halogenation, Friedal Craft's alkylation and acylation. (Applying) 

Apply the knowledge of positions of substituents in the electrophilic substitution of 
benzene. (Applying) S 


V», 


Use the IUPAC naming system for alkynes. (Applying) ^ 
Compare the reactivity of alkynes with alkanes, alkenes andarenes. (Analyzing) 
Discuss the shape of alkynes in terms of sigma and pi C-C bonds. (Applying) 
Describe the preparation ofalkynes using elimination reactions. (Applying) 
Describe acidity of alkynes. (U nderstanding) | 

Discuss chemistry of al 
bromination, ozonolysis, 


kynes-by hydrogenation, hydrohalogenation, hydration, 
and reaction with metal ; 
Describe ; RM 45, ith metals. (Understanding) 

Nx differentiate b etween substitution and addition reactions. (Understanding) 


E . " . . м К 
xplain isomerism n alkanes, alkenes, alkynes and substituted benzene.(Understanding) 
Introduction < 


covalent bonds. Examples are: 


benzene (C6H6) etc Iioc m (CH4), ethylene (СУН), acetylene (CoH) 
are furth d 1 
hydrocarbons depending on the Presence of йз classified as aliphatic or arom 


ne ring. 
16.1 Types of Hydrocarbons | 


There are two types of hydrocarbons: 
i) Aliphatic hydrocarbons and 


ii) . Aromatic hydrocarbons. 
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| Hydrocarbons 


| 


Aromatic. | 


Aliphatic 
Hydrocarbons | 


Р dl 
[ Гу dr CAT DONS, | 


| Alkenes | Alkynes 


Figure 16.1: Classification of Hydrocarbons 


Aliphatic Hydrocarbons : | - . 
Hydrocarbons that are straight chained, branched 
or non-aromatic are called aliphatic hydrocarbons: | Ina straight chain compound, 
They may also be linear or cyclic. Most of the aliphatic | ће carbon atom is never 
hydrocarbons are volatile and flammable. Тһеуїпау be peri. inpet ase ate 
Classified as saturated or unsaturated. ; compound, the carbon atom 
Saturated hydrocarbons contain only single 
bonds between carbon atoms. These. hydrocarbons 
include alkanes and cycloalkanes: Unsaturated : 
hydrocarbons have at least oné-double or triple bond between two carbon atoms. 
| These hydrocarbons include alkenes and alkynes. E 


Aromatic Hydrocarbons de 
Hydrocarbons which have at least one benzene ring in their structures are 
called aromatic hydrocarbons. | 


та. 


! 162 Alkanes and Cycloalkanes 

і Alkanes . | 

Hydrocarbons that contain only single bonds between carbon atoms are called 

/ alkanes. They are also known as paraffins. The word paraffin is derived from. the 
Latin words “parum” meaning "little", and. "affin", meaning "affinity", Thus the 
combination of words means "little affinity" or "the least reactive". Petroleum and 
Natural gas are usually composed of alkanes. They have general formula С»Нә+ә 

: here п is the number of carbon atoms for each molecule. \ 


- MEM ned a it Peel 
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No. of H-atoms = 2n +2 | 
2x142-24 — 
2242-6 — 
2х3+2 = 8 


2х4+2 = 10 


Cycloalkanes 


“bons in which the carbon atoms are linked by single 
V insure called cvcloalkanes: They are also known as 
cycloparaffins. They have general formula C,H»,, which shows that-they have two 
hydrogen atoms less than the corresponding alkanes due to ring structure. 


16.2.1 Nomenclature 


Systenr öf naming compounds is called nomencKatire. There are two main 
systems for naming of organic compounds: 
(i) Common System 


| (i) TUPAC System 


Common System 1 

In the early days, organic compounds were named 
according to their plant or animal sources or name of 
discoverer. These names are called. common names. For 
example, methane is called marsh gas because it is 
found in marshy places. Acetic acid got its name from 
the Latin word acetum, which means vinegar because 


acetic acid is found in vinegar. The methyl alcohol is 
known as wood ¢ 


Keep in Mind 


Common names are normally 
beneficial when the alternate 
IUPAC names are lengthy and 
complicated. For example, | 
is easy to say “tartaric acid | 


Ce NS than i 22:47 
ess) pirit because it is obtained by than 15 TUPAC aed 4°.) 
destructive distillation of wood. Other compounds were Dihydroxybutanedioic acid : 
named by their disc 


Overer for more personal re 
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1892. They developed a system called the Geneva system for naming the organic 
compounds. The group ultimately became known as International Union of Pure and 
Applied Chemistry (abbreviated as IUPAC and pronounced as *eye-you-pack"). The 
IUPAC rules have been continually revised and updated by the commission since that 
time. The fundamental pririciple of the IUPAC system is: each different compound 
should have a different and unambiguous name. 


16.2.1.1 Nomenclature of Straight Chain Alkanes 
The first four members of alkanes are known by their common names: 
methane, ethane, propane and butane. The names of alkanes with more than four 
carbon atoms are derived from the Latin or Greek prefix for the number of carbon 
atoms per molecule followed by —ane. The names of the first ten straight-chain . 
alkanes are given in the table below: 
Table 16.2 


IUPAC 
Name 


Methane 
Ethane 


Condensed »1 E EIC Anvle 


Number of | Molecular 
C-atoms Formula 
1 СН; 


Formula 


b 


Е 
> 


RE o 


Propane 


Butane 


Pentane 


Hexane 


Heptane 


О 
© 
et 
fo 
=) 
O 
+ 


j 5 
7 УЖ 2 
| Nonane | Д | 
1 Р 
y cane | 


М In the common system, all the isomeric alkanes have the same parent name. For 

e" example, the parent names of three isomeric C5H;o alkanes are pentanes. The prefixes 

f, 4, iso or neo are used to differentiate between the names of isomers. | 

f The prefix “n-“(or normal) is used for those alkane in which all carbon atoms 
form a continuous, unbranched chain. l ; 


CH, CH СН» CH5C Н» CH4CH;CH;CH5CH;CH,; 


.. A p-Pentane n-Hexane 
АЕА Raa eS ң e UOTE ESTEE DE 
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*dso-" is used for those alkanes which awe Mey group bonded 


The prefix 1 
to the foe carbon atom of the continuous chain. 
CH; CH3 | 
CH. CHCH;CH; CH,CHCH)CH2CH3 
Isopentane Isohexane 


The prefix “neo-” is used for those alkanes which have two methyl groups 
bonded to the second carbon atom of the continuous chain. 


СН» | Н» 
Sen CH;CH; : CH eee H CH; 
CH, CH, 
Neohexane | Neoheptane 


In the IUPAC system, the name of every organic compound has three parts: 
(root (ii) suffix and (iii) prefix. The root shows the number of carbon atoms in the 
longest continuous chain in the compound. The suffix: shows the family of the organic 
compounds. The prefix shows the identity, position, and number of substituents 
attached to the carbonchain. Q- 


Table 16.3: Parts of the Nine of Organic Compounds 


г Base or Root 


The names given in table 16.4 for the simple alkanes consist of the paren! 
name, which shows the.number of carbon atoms in the longest continuous chain, and 
the suffix ‘-ane ' shows that the compounds are alkanes. The root name for one carbon 
is meth-, for two d cárbons i is eth-, for three carbons is prop-, and so on. 


Table 16. 4: Parent Мете for Alkanes s 


"Cama Root nam 


BENESSERE 
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No. of Base or Parent No. of Base or Parent 
C-atoms | Root name Name C-atoms | Root name Name 


Octadec 
озше 


Dodec 
Tridec 


Naming an Alkyl Group 
The group that is formed by the removal of one hydrogen atom from an alkane 
is called an alkyl group. The symbol R is used to indicate an alkyl group. 


к=н —H Re 
Alkane Alkyl 
Alkyl groups are named by replacing the “ane of the alkane with “yl”. 
CH,—H ——#—- CH,— | 
Methane Methyl 


CH4—CH; ——4++ CH;— Cy — 
Ethane Ethyl | 
The naming of three carbón-alkyl group is more difficult because the parent 
hydrocarbon has more than one kind of carbon atom. For example, propane has both 
primary and secondary carbon atoms, and removal of H-atoms from each of these 


carbon atoms gives a different alkyl group with a different name, n-propyl or 
isopropyl. | 


CH4—CH;—CH3 
: Propane 


Removal of H from I carbon | Removal of H from 2° carbon 


CH;—CH,—CH)— CH3—CH —CH4 


Isopropyl 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 
Keep in Mind 


A primary carbon atom is directly bonded to only one other carbon atom. 

A secondary carbon atom is directly bonded to two other carbon atoms. 
A tertiary carbon atom is directly bonded to three other carbon atoms. 

A quaternary carbon atom is directly bonded to four other carbon atoms. 


Tertiary 
Carbon 
Quaternary 
СН» Carbon 


S CH3-CH?-CH -CH?-C —CH;5 


| | 
Г | СН» СН» 
rimary 


16.2.1.2 Nomenclature of Branched Chain Alkanes 
Names of branched chain alkanes are obtained by using the following IUPAC 
rules: | 
1) _ Select the longest continuous chain of carbon atoms and name it. This is the | 
stem name or parent name. The longest continuous chain is not always in: 
straight line; sometimes you must "turn a corner" to obtain the longes| 
continuous chain. | 


} 8 оу Rer 4 
CH, CH,CH,CH,CHCH,~ | 


CH,CH,CH 
| АХ ДЗ 
The parent name: of the compound is octane because there are eight carbo 


atoms in the longest continuous chain. 


ii) Indicate the position of substituent (branch) by the number of carbon atom " 
. Which it is bonded. А | 


6 NSE 675. 4 
CH;CH;CH; 
Ane 2 M 


The methyl branch is bonded to carbon 4, hence 
methyloctane. - *. | x 

iii) Number the longest chain from that end which is nearer to the substitue!” 
$ Consider the two different structures for the same compound shown below: 


the name of compound % 
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6 5 4 3 2 1 | 2 3 4 5 
CH;CH;CHCH;CH;CH, СН;СН, СнСн›СН›СН, 
| 


CH; 
Incorrect ee 
The compound on the right is numbered correctly because the methyl group is 
located at carbon 3 of the hexane chain; in the compound on the left, the methyl 
group is located at carbon 4. Thus, the name of the compound is 3- 
methylhexane, and not 4-methylhexane. 
If two or more identical substituents are bonded to the parent hydrocarbon, then 
the prefixes "di", "tri", "tetra", “penta” etc. are used to indicate,how many 
identical substituent the compound has. 


gau» qp e Lo | 
CH;CHCH,CHCH3 C ET 
| a 
CH; CH; Ў га 
The hydrocarbon has two identical methyl groups: One methyl is bonded to 
carbon 2 and the other one is bonded to carbon 4. The name of compound is'2,4-. 


dimethylpentane. S d 
If the first substituent has the same distance from both ends, number the chain,to 
give the second substituent the lower number. Always look for the first point of 


mbering from each.end of the longest chain. 


difference in nu 
l 2 ^ 4 5 6 78-18 8 7 6 5 AiG 2» 1 
CH4CH CH5CH? CH CH CHCH; CH4CHCH;CH? CHCH CHCH; 
CH3 CH; CH; 
Correct 


on $ СН» CH; 


Incorrect 
rrect name of compound is 2.4,7-trimethyloctane and not 2,5,7- 


The co 
trimethyloctane: 
bstituents are bonded to a parent chain, then they are 


If two or more different su : 
rder, as in 3-ethyl-5-methylheptane. The prefixes 


named in alphabetical o | | 
“di “tri “tetra,” “penta,” "sec," and “tert” are ignored іп alphabetizing 


substitucnts, but the prefixes “iso” and “cyclo” are not ignored in alphabetizing. 
СНз СЊСН3;з 


Т6 |Екі 
CH3CH2CHCH2CHCH>CH3 


CH, CHCH; 
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If ihe same set of numbers is obtained in both directions, the chain MUSt be 
numbered from that end, which gives the first substituent (the substituent Which 


is listed first alphabetically) the lower number. 
If a compound has two or more chains of the equal length, then select that chain 


which has greater number of substituents. 
DU 207459534 eed See 17 30049093556» 7 
CH3CH,CHCH,CH, CH, CH3 CH3CH»CHCH,CH,CH,CH 


vii) 


CHCH; 2CHCH, 
H; ІСН; 
- Incorrect Correct 


The name of this compound is 3-ethyl-2-methylheptane but not 3. 
isopropylheptane. 


* Note that the branch name and thé parent name are written as a single word, and a 
hyphen follows the number. yo 
* The numbers that show the positions of the identical substituents are separated from 
_ eachother by commas while the number and the word are separated by a hyphen. 


16.2.1.3 Nomenclature of Cycloalkanes 
; rd IUPAC rules for naming cycloalkanes are as follows: 
i еу are named by prefixing cyclo to the name of the di 
- having the same number of carbon atoms as the ring. ao 


Hy ү H2 
A H;2C— CH; HC — CH, H3C ES ГУ; CH 
H;C— CH, H,C— CH HC | 
| 2 2 CH, 
Cyclopropane. © Cyclo 2 
A butane Cyclo 2 
oí pentane · Cyclohexane 


SKS a. 


Aa Л. 
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In mono-substituted cycloalkanes, it is not necessary to indicate the position 
because all the positions are equivalent. 


CH; CH;CH,; 


Methylcyclopropane Ethylcyclobutane 
iji) If the ring has two or more substituents, the ring is numbered so as the carbon 
atoms containing the substituents will have the lowest number. Substituents are 


named in alphabetical order. 
| 


Ае УЕ | 
HC CH; 


1,3-Dimethylcyclopentane 
CH; 


CH 
: H;C CH3 
„CH 3 
fi, H;C 
| -Ethyl :2 5-dimethylcyclohexane 


arbons than the ring, then the substituent is taken as 
amed as a substituent. 


ii) 


1 2-Dimethylcy clopropane 


| -Ethyl-2-methylcyclopentane 


iv) If substituent has more carbons 
parent hydrocarbon and the rings n 


H3C 
\2 
I 2.—3—4 CH 3 4.9 
CH,CH,CH,CH, “~CH,CH)CH3 
ES [butane 2-cyclobutylpentane 


16.2.2 Physical Properties of Alkanes and Cycloalkanes - 


162216 Physical Properties of Alkanes 
i) First four alkanes (methane, ethane, propane and butane) are colourless and 


odourless gases at room temperature and are used as fuels. 
Alkanes having five to seventeen carbon atoms are colourless and odourless 
liquids at room temperature. They are found in gasoline, kerosene, diesel and jet 


ii) 
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iii) Alkanes Met PRY d; hae EBS! Bomb ME VSR АКМА, у solids at room 
temperature. They are used as lubricants. Vaseline is a semisolid, made Up of 
mixture of alkanes with more than 25 carbon atoms. 

iv) They are mostly non-polar in nature and are insoluble in polar solvents like 
water. They are soluble in non-polar solvents like benzene, ether, Carbon 
tetrachloride, acetone etc. 

v) Тһе boiling points and melting points of alkanes increase with the increase in 
the number of carbon atoms but the increase in melting point is not very regular 
The boiling point increases by 20 to 30°C for addition of each methylene group 
(—CH,—) to the molecule. 

vi) The boiling points of straight chain alkanes are higher than branched chain 
alkanes. For example, the boiling point of n-butane (55?C) is higher than 

isobutane (—10.2°C). 


Straight chain alkanes have higher boiling points than their corresponding branched 
chain alkanes. This is because straight chain alkanes have the larger surface area of 
contact between the molecules as compared to branched chain alkanes. With increasing 
surface area, the van der Waals forces between molec ules increase; therefore, more 
energy is required to remove such molecules. As a result straight chain alkanes have 
higher boiling point than branchedchainalkanes,) ——— | 


S PAM 3 


vii) The densities of alkanes increase: gradually with increase in the number of 
carbon atoms. They have densities from 0.62g/mL to about 0.79g/mL. They are 
less dense than water (1.0g/mL) and therefore, float on the surface of water. 

viii) The viscosity of alkanes increases with increasing molecular mass. 

Table 16.5: Physical Properties of.Normal Ch panes 


! NES ue]. TES m i ——— - 
me, | Re TBE romte B Кош | . Density 
ether d d É Y ‹ (C А as А am чу з Чг: : | 


0.7026 


| 
| 0.7177. i 
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Interesting Information 


The solid alkanes are used in waxy coatings A EUR Skee 
added to fruits (apples, plums, oranges, аара даре 
pears, etc.) and vegetables (cucumber, ^ 
turnips, green tomatoes etc. ) to: T 
e Prevent loss of water that helps to Й 

maintain firmness and juiciness 

[mprove appearance and increase visual 

freshness 

Slow down the natural degradation by 


microbes Uncoated 


16.2.2.2 Physical Properties of Cycloalkanes 

i) Cyclopropane and cyclobutane are gases at room temperature. 

ii) - Cycloalkanes having five or more carbon atoms are liquids-àt room temperature. 
ii) Cycloalkanes are soluble in non-polar solvents like benzene, ether etc. and are 


insoluble in polar solvents. 
iv) The melting and boiling points of cycloalkanes show gradual increase with the 
increase in molecular mass. 
Alkanes and cycloalkanes are the least 


v) They have low densities like alkanes, 
dense of all groups of organic compounds. 

vi) Liquid cycloalkanes аге soluble in one another. 

Tuble 16.6; "Physical Properties of Cycloalkanes 

x [| Melting 

йе Point С.С) 


No. of Carbon 
Atoms. 


-94 


6.5 


wiz 
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16.2.3 Structure of Alkanes and Cyc ЖА ТЕ: D) 


16.2.3.1 Structure of Aikanes 
The simplest member of alkane is methane (CH4). 
The hydrogen atoms of methane are arranged around the 
central carbon atom in order that each hydrogen atom is as 
far apart from other hydrogen atoms as possible. Methane 
gives tetrahedral geometry with an angle of 109.5*. | 
Although the three dimensional shapes of higher Figure 16.2: o. TM 
-alkanes are more complex than that of methane, the four 
bonds about each carbon are still arranged in a tetrahedral 
manner, and all the bond angles are nearly 109.5°. 
16.2.3.2 Structure of Cycloalkanes 
The simplest member of cycloalkane is cyclopropane. When writing structural 
formulas for cycloalkanes, chemists use line-angle formula to represent cycloalkane 
ring. Each ring is represented by a regular polygon that has the same number of sides 
as there are carbon atoms in the ring. For example, ‘chemists represent cyclopropane 


by a triangle, cyclobutane by a square, cyclopentane by a pentagon, and cyclohexane 
by a hexagon. 2 


Н, DN | 
/ N or N | | ог = 
Ho с-н; | H,C— CH, 
Cyclops Cyclobutane 
H2 
H,C—CH», = с Sc 
кече oo 
2 ү, 2 
c HC. Gh 
Н, fi 
Cyclopentane Cyclohexane 


16.2.4 Relative Stability of Alkanes and Cycloalkanes 

Alkanes are relatively stable. Branched chain alkanes аге: more stable tha 
straight chain (linear), unbranched alkanes. For example, 2-methlylpropane is mor 
stable than n-butane. On the other hand, the cycloalkanes are stable excep | 
cyclopropane and cyclobutane. The inertness of alkanes is due to the followin? 
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The carbon-hydrogen bond is the least polar 

The carbon-carbon bond is completely non-polar 
There is no unshared pair of electrons. | 
There is no unsaturation point. 

There is no electrophilic and nucleophilic centre. 


i) 
11) 
iii) 
iv) 
v) 
16.25 Reactivity of Alkanes and Cycloalkanes S Op: 
Alkanes have only strong sigma bonds. Furthermore, the electrons in the СНХ 


C—C sigma bonds аге shared equally by the bonding atoms, so попе of the ' 


and 
s means that they neither act as 


bonding atoms in an alkane has significant charge. Thi 
electrophile nor nucleophile. Because of this they are the least reactive organic. 
compounds and they do not react with acids, bases, strong oxidizing agents or with. 
some other reagents at room temperature. Most useful reactions of alkanes occur `: 
under drastic conditions. However alkanes ‘show two types of reactions: (i) 
substitution reactions (ii) thermal and catalytic réactions; The properties of 
cycloalkanes are similar to those of alkanes except cyclopropane and cyclobutane: 
The reactivity of cyclopropane and cyclobutane is due to the largest ring strain. 


16.3 Radical Substitution Reactions 
A radical (free radical) is a highly reactive-specie conta 


unpaired electron, formed by homolysis of a covalent bond. 
afi ——— A + B 
are called free radicals. They are electrically neutral. 


incomplete octet. Radical process involves 
d to show the movement of electrons. 


ining an atom with an 


The products A and B 
They are very reactive and unstable due to 
single electron, $0 half-headed-arrows are use 
One half-headed arrow is used for each electron. 


163.1 Overview | : 
i Тһе reactions in which an atom or group of atoms in a molecule is replaced by 
called substitution reactions. 


. another atom or gróup of atoms are 
ii) Alkanes rémet with chlorine (Cl;) or bromine (Вг) to form alkyl chlorides and 


. alkyl bromides. f : 
ii) The reactivity order for alkanes is: tertiary > secondary > primary > methyl 
iv) The reactivity order for halogens is: Б> Ch > Br >b | 

ess stable and bromination gives the most stable radical — 


Y). Chlorination gives the 1 ; 3 
vi) Reaction proceeds via radical chain mechanism which involves radical 


intermediates. b 
f low probability due to the low concentration of the 


ions are very low. 


"qs " 


моа E 47 


ecies meaning that the chances of collis 


radical sp 


MELS ar 


1-28 .: 
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When а bond breaks so that both of its electrons stay with one of the atoms, the 
process is called heterolytic bond cleavage or heterolysis. 


i) EE Loic NSB! 


When a bond breaks so that each of the atoms retains one of the bonding electrons, 
the process is calléd homolytic bond cleavage, or homolysis. 


16.3.2 Reaction Mechanism 
The halogenation of alkanes occurs through the formation of free radical and is 


called free radical mechanism. It takes place in three steps: _ 
Initiation Step T6 1 

In this step, the chlorine free radicals are formed by homolytic fission of Cl; 
molecule in the presence of heat or light Each atom takes one of the bonding 
electrons and two highly reactive chloriné atoms are produced. This is called initiation 
step because it produces radicals. Y 


Coc ST. 


UJ 
Propagation Step | 


i) The chlorine radical produced in the initiation step abstracts a hydrogen atom 
from the methane, forming a molecule of HCl and a methyl radical. 


ii) Тһе methyl radical abstracts a chlorine atom from a chlorine molecule (Ch) 
forming a molecule of methyl chloride and another chlorine radical, which cà" 
then abstracts a hydrogen atom from another molecule of methane. 


CH, ОСКЕ 


These two steps (i) and (ii) are repeated again and again and a chain reaction 
starts. These steps are called propagation steps because they propagate the reaction. 
Nee RUMEN F? NR ee Fiabe. оо Дл AR AS run хаад —————ÓÉÉÓORSÓM Rr ERAN: 


гале ЕІ 1 i 
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Termination Step 

Free radicals of similar and dissimilar types combine together to give neutral 
molecules. 

CH; Tons ————* CH4—CH; 

C «CI —— а, 

СН; + Cl UA МЫ, СН» СІ 

The combination of these radicals is called a termination step because it helps 
to carry the reaction to an end by decreasing the number of radicals available to 
propagate the reaction. 


The reaction of methane with chlorine also produces the highly halogenated 
products such as CH;Cl;, СНСІ, and CCl, as well as additional HCl. 


164 Oxidation of Organic Compounds 
164.1 Complete Oxidation 
Oxidation of organic molecule generally corresponds to increasing its oxygen 
content and to decreasing its hydrogen content. The reverse of oxidation is reduction. 
Oxidation and reduction take place simultaneously, therefore they are redox reactions. 
Alkanes such as natural gas, gasoline, and diesel burn readily in the presence 


of oxygen to produce carbon dioxide, water vapours, and energy. 
Alkane,, + Oj,, EY CO, + H2O) + Energy 


The burning of organic compounds in the presence of oxygen is called 
combustion. Methane gas is found-in natural gas and is used for cooking and heating. 
The equation for the combustion of methane is written as: 


СН) + 20») Flame or Ignition, CO» + 2900 САН =-891 kJ/mol 
The amount of-heat evolved when one mole of hydrocarbon is completely 
burnt to give CO; and H,O is called heat of combustion. 


16.4.2 Incomplete Oxidation , 
When there is an insufficient supply of oxygen ог air, then hydrocarbons on 


Combustion produce carbon monoxide, water vapours and carbon black. 
3CH4c зь 4О у) Flame or Ignition ) 2COq) T 6H50,, T Cy) a5 Energy 


1643 Catalytic Oxidation 
When lower alkanes are burnt in the presence of metallic catalyst at high 
they form many useful products. 


myy 04-7 


t 
a perature and pressure, then 


o4 


У: 
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i) Тһе oxidation of methane at 400°C and 200atm in the presence of copper 
catalyst forms methyl alcohol. 


400°C and 200atm 
ee 
CH, + [О] “os тоши, CHOH 


ii) The methyl alcohol is further oxidized to formaldehyde. 


$ 400°C and 200 
CH,OH + [0] "caus ? HCHO + H,O 


iii) The formaldehyde is further oxidized to formic acid. 
HCHO + [О] —©=Са@2%ат, HCOOH 


Cu catalyst 
16.5 Alkenes : 

The unsaturated hydrocarbons that contain one or more carbon-carbon double 
bonds (C=C) are called alkenes. They are also known as olefins. The-word olefin is 
derived from French word “olefiant” which means oil forming bécause the lower 
members of alkenes give oily products on treatment with chlorine or bromine. 
Alkenes are present in natural gas, coal gas and gasoline in small amounts. They are 
produced in large amounts by cracking of petroleum. Alkenes (monoenes) have 


general formula C,H>,, where n is the number of carbon atoms. Ethylene is the first 
member of the series. >} 


16.5.1 Nomenclature ` 


3 ae are normally named using the IUPAC system, but many older names 

e still in common use. Ethene is often called i 

EC RJ ed ethylene and propene is called 
The IUPAC name of an alkene is obtained by replacing the ending “ane” of the 


CM CER alkane with "ene." For example, CH=CH, is called ethene and 
;CH—CH; is called propene: When there are two or more possible locations for 
the double bond in a molecule, its es 


e, its position is shown by a number. Th les 
for naming of alkenes are similar to those used for naming а Bee 


additions to indicate the position and presence of double bonds 
Step 1. Select the longest chain of carb vs 
E P "B amon atoms that contains the double bond and 
$ H; 
4 
©ну“сн—бн=бн—н, 

The parent name of the com ound is pent. | 
carbon atoms in the longest chain. OU poco 
Step 2. Number the longest chain of 
the double bond. Alkenes with two or 


means that there are five 


carbon atoms 


three carbon from that end which is closer to 


А | 
; toms do not need numbers. 
5 4 | 3 2 ча 


СНз CH—CH--CH—CH, SONG ias 
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Step 3. Indicate the position of the double bond by the lower numbered carbon atom 
bound by the double bond. 


CH; 
5 4 3 2 l 
CH; CH- Ch Ch CH, 
The double bond is present between carbon 2 and 3, so the name of compound 
is 2-pentene. 
Step 4. Indicate the position of the substituent by the number of that carbon to which 
it is attached and name it in a manner similar to alkanes. The name of substituent is 
stated before the name of the longest continuous chain of carbon atoms that contains 
the double bond, together with a number to designate the carbon to. which the 
substituent is bonded. Note that if a compound's name contains both à double bond 
suffix and a substituent, the double bond suffix gets the lowest possible number. 
CH3 | 
5 " 3 2 
CH4—CH——CH—CH —CH; 
The methyl group is located at carbon 4 and the name of compound is 4- 
methyl-2-pentene or 4-methylpent-2-ene. : 
Step 5. If an alkene has two or more double bonds, the “ne” of the corresponding 
alkane is replaced with “diene,” “triene,” “tetraéne,” and so on depending upon the 
number of double bonds present in the parentalkene. 


4 3 2 1 
CH5?— CH — CH=CH) 
The compound has two double bonds and the name of compound is 1,3- 
butadiene or buta-1,3-diene. 


Give the IUPAC name for each of the following: 


| ti) CH;—C-—CH, 


| 
| ii) CHo—CH—GCH54—CH5 ©. д 


v) Свен "CH Си, 
сн, 

) CH—CH, CH, . 

HC CH C—CH oO 


UT 


эшш 


Scanned with CamScanner 


Jl MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


CH; 
vi) CH4—CH;— C=C —CH3 


CH; 


Te 
vii) OCE CHE т 
СН; 


Practice Exercise - 2 


Draw the structure for each of the following: 


i) .2-Butene 

ii) | 2-Methyl-1-butene 

iii)  3,4-Dimethyl-2-pentene 
iv)  1,3-Butadiene 
v)  3-Ethyl-2-pentene ‹ С m 
vi) . 3-Ethyl-4-methylhex-3-ene А ( bà 
1,3,5-Hexatriene O 
2,3-dimethyl-1,3,5-hexatriene" 


ч, 
SK 
м p 


16.5.2 Relative Stability 
There are three factors that influence the relative stability of alkene: 


i) Degree of Substitution 
The stability. of alkene increases as the number of К (alkyl) groups on 
the C——C increases. The increasing order of stability of alkenes is as: 


CH, == CH;« RCH == CH)< RCH — CHR < R;C = CHR < В,С — CR: 


ii) Stereochemistry 

Trans-alkenes are usually more stable than the corresponding cis-alkenes. In 4 
cis-isomer, there is more steric hindrance, because the bulky groups or atoms are ОП 
the same side of the double bond whereas in а trans-isomer, there is less steric 
hindrance, because the bulky groups or atoms are on the opposite side of the double 


bond. — 
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H CH; 


Cis-2-butene (Less Stable) Trans-2-butene (More Stable) 


iii) Conjugation 
Conjugated alkenes are more stable t 
pentadiene is more stable than 1,4-pent 
СЕСНЕН 
1,4-Pentadiene 


16.5.3 Structure 
Ethene (an alkene) contain aa р-р overlap уз. 
carbon-carbon double bond. The L3 ——c 23 
double bond of ethene consists of 
one sigma bond and one pi bond. 
The carbon atoms attached through I ; зм. ЭА 
pi bond are sp? hybridized. Hence, ` 97. < WP 9 ) вр P overlap 
each doubly bonded carbon has Ў 
three sp^ hybrid orbitals and опе 
Pure p-orbital. Each of these 
SP hybrid orbitals overlaps an : 
a EE = Е ae Figure 16.2: СН; Molecules 


sigma bond. The remaining p-orbital of one of the sp” carbon atoms overlap with the 
remaining p-orbital of the other sp“ carbon atom to form a pi bond. Sigma bonds are 
formed by head-to-head overlap of hybrid orbitals and pi bond is formed by side-to- 
side overlap of pure p-orbitals. All six atoms of the doublé-bond system are in the 
‘ame plane. Hence, ethene has trigonal planar structure in which HCH and HCC bond . 
angles are approximately equal to 120°. The carbon-carbon double bond length is 
4pm and carbon-hydrogen bond lengths are 109pm. · 
16.5.4 Preparation of Alkenes 


Alkenes are generally prepared through B-elimination reactions, in which two 
“toms or groups on adjacent carbon atoms are removed, resulting in the formation of a 
double bond. 


eo Mee 
QO de» cort MP ERE 


Some of the metho 
СЛАО AELE IUE 


han isolated alkenes. For example, 1,3- 
adiene. 


CH=CH, _ CH;—CH—CH—CHzCH; 
1,3-Pentadiene 


<. = 
aa art 


ds of preparation of alkenes are given; 


C] CULTUI TEE I CL AUNT, 
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16.5.4.1 Dehydration of Alcohols 

The removal of H,O from adjacent carbon atoms of alcohols by heating with 
dehydrating agent is called dehydration of alcohol. Reagent that remove the H20 from 
alcohols are called dehydrating reagents. The best dehydrating reagents are: (i) Conc 
HSO; (ii) Al O; (iii) P203. All the dehydrating reagents work at high temperature. 
The OH is removed from o-carbon and Н is removed from D-carbon. 


H OH 


R—CH— CH, “сы ы duele В —СН==СН, + HO 
The ease of dehydration of alcohols is: 3° alcohol > 2° alcohol’> 1° alcohol. 
It means, tertiary alcohols are dehydrated more readily than secondary alcohols 
which in turn are more readily dehydrated than primary alcohols. 
i) Dehydration of primary alcohol (ethyl alcohol) neéds concentrated sulphuric 
acid and a temperature of 170-180°C. | 


WR 
p Conc. HSO. 
CH,—CH, — CH)==CH, + H,0 
li) Dehydration of secondary alcohol needs 75% H250, and a temperature of 
100-140°С. 
Н OH 
EE 75% 4b SO, ! 
RCH ECH ec CH Oe H,O 
ii "De HS CH; 
iii ehydration of tertiary alcohol (tert-butyl al 
temperature of 50°C, о, ani 
ch =e он. Зна 
3 50°C CH;—C—cu, зё H20 
CH; 
tert-Butyl alcohol __ CH 


жазуы; 
2-Methylpropene 
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| to them. This makes t-bond a weak bond as comp 
, breaks much more easily by the attack of electrophilic reagent. 


` reactions are those reactions in which two 


| atmosphere to give a saturated hydrocarbon (alkane) is 
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H X 


p М al Alcoho 
R— CH— CH, + КОН — fi R—CH==CH) + KX + H,O 
H Cl 


il al soho 
CH,—CH,* КОН Ак, CH, cu + KCI + HO 
16.5.5 Reactivity of Alkenes 


Alkenes are more reactive than alkanes due to presence of 7t -bond. A 7t-bond is 


. formed by parallel overlaping of p-orbitals. The z-electrons of double bond аге 


therefore located much farther from the carbon nuclei and are thus less firmly bound 
ared to sigma bond: Therefore it 


16.5.6 Reactions of Alkenes 


The most important reactions of alkenes are the addition reactions. Additions 
molecules Combine to form a single 


molecule of product. During addition reactions, a double bond of alkene is changed to 


a single bond. 


ace e je 


Ce ——C—C-— 
INED | a 
S X 
The common addition reactions of alkenes are given below: 
16.5.6.1 Catalytic Hydrogenation Zl 


The reaction in which.hydrogen is added to an alkene i 


* à n the presence of 
catalyst such as platinum, nickel, or palladium and at moderate 


pressure of ] to 5 


| | known as catalytic 
ydrogenation of alkene: 


CH;— CHjJ* Н, 503050 CHj;—CH, 


CH;— 8— CH; + Hy posure > Cli СОН о 


T The amount of heat evolved when one mole of an alkene is hydrogenated is 
ы; ed heat of hydrogenation. The heat of hydrogenation of most alkene is 120kJ/mol 
Ог each double bond present in a molecule. | 


a The process of catalytic hydrogenation is used in industry 
vegetable ghee from vegetable oil. | 


for the manufacture 


MEN. dui. — 


- Ni Ve 
Wee + Ho узсе Vegetable ghee 


ж 
45 а 0 О О my = 
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16.5.6.2 Hydrohalogenation | 
The addition of HX to alkenes is called Hydrohalogenation. The reaction of 
alkenes with HX results in the formation of alkyl halides. The reaction is carried ouf 
in a solvent such as acetic acid or by passing dry gaseous HX directly over an alkene. | 


N = ee ee mm 
i H 
Alkene Alkyl Halide 
Ethene Ethyl bromide ж 


Y 


The order of reactivity of HX is: HI > HBr > НСІ 


Mechanism of Reaction 
Consider the addition of HBr to ethene. It involves two steps: 


d 4 Б 
75 
Step I: 3 x +. HBG a Hoo. + BY 
* EU 
Ethene Carbocation 
H H H H 
No e © N 


Step2: H—C—C Ts т ш Co 


UM | / 


H H H H 
Carbocation Nucleophile Ethyl bromide 
Markovnikov's;Rule 


| This rule states that ^when an unsymmetrical molecule (polar reagent) such as 
HX is addedsto unsymmetrical alkene like propene, then the negative part of adding 
molecule goes to that carbon atom, which has the least number of hydrogen atoms. 


For example: - 
CH5—CH—-CH5 + HBr ———» CH= CH= CH; 
| Br 41 
Propene ini: 2-Bromopropane 


16.5.6.3 Hydration 
The addition of water molecule is called hydration. Alkenes react with H20 in 
the presence of H)SO4,at 100°C to form alcohol. = ў 
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| H H H H 
ч, en ш. + H—OS / 
(| Step |; о ж < ISO3H = ————e H—C—C—0S03H 
% Н H 
Ethene Sulphuric acid Ethyl hydrogensulphate 
H H H H 
N N 
Step 2: H—C—C—OSO3H + Н — OH—-H — C— C— OH +HOSO;H 
‘Ethyl hydrogensulphate Ethyl alcohol 


16.5.6.4  Halogenation 
The addition of halogens such as chorine (СІ,) and bromine (Въ) to alkenes is 
called halogenation. Alkenes react readily with Cl; or Br;, in an inert solvent such as 
СС, in dark to form vicinal dihalides. 
w-—— E 
(СЕ эх ә wu 


faai ye 


Dihaloalkane 
Cl 


Alkene 


C—CH—CH, 
| Га 


CH,—CH——CH, ОБА Басе Н; 
СІ 1,2-Dichloropropane 


Propene 


Mechanism of Reaction | 
The addition of X; to ethene occurs 1п two steps: 


Зер: Nes o + x x ————— CH)—CH + X 
^ N "e 


H H 
Eth 
ene . x 


Step 2; CH =C X EE 


N 


, 
^ [4 


X | 
Vicinal dihalide 


Holoniumion 
"A ti iut ect dao Tr Sree " 
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Reaction of ethene with bromine 1s ve 
of unsaturation in a compound. 


16.5.6.5 Halohydration 


The addition of hypohalous acid to alkenes is called Halohydration Aqueous 
solutions of halogens such as Cl, and Br; react with alkenes to produce halohydring 
Halohydrins have adjacent halo and hydroxyl groups. 


NÉ S 


CC E XQ но Ec cM 


OH 
Halohydrin 


Alke 
= Cl 


| 
CH4—CH-——CH, + сь НО == CH4— CH — GH + HCl 


OH 
Propene 1-Chloro-2-propanol 
16.5.6.6 Epoxidation 
The addition of oxygen (O») to alkene is.called epoxidation. Alkenes react with 
oxygen in the presence of silver catalyst under high pressure and temperature to give 
epoxides. К 


Cys 
2CH,—CH, + 0; — $> а. 


300°C 
Ethene Ethylene oxide (Epoxide) - 
O 
Lm Ag AEN 
2CH;— CH—= CH; + О; — oc > 2CH;—CH—CH, 
Propene Propylene oxide 


16.5.6.7 — Ozonolysis 
The reaction of ozone (Оз) with alkene to break carbon-carbon double bond " 
called ozonolysis of alkene. Ozone reacts readily with alkene in an inert solvent suc! 


as ether and forms an unstable molozonide which upon rearrangement changes in 
ozonide. 


О О 
o^ Y 
(Ho CH, T О; Ether | | Rearrangement H5C CH) 
CH,—CH), | | 
Ethene Ethylene molozonide E 


———— BR I[Ó€— M и ро» 
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The ozonide being explosive in nature are not isolated. Ozonide upon 
decomposition with zinc/water gives aldehyde and/or ketone. 


O 
ax О 
H5C CH, e 
| l + Zn 100°C 2 H—C—H + ZnO 


Ethylene ozonide 


Formaldehyde 

Ozonolysis is used to locate the position of double bond in an alkene. The 
molecules cleaves at the position of double bond. 
16.5.6.8 Polymerization 

The process by which small molecules (called monomers) combine together to 


form large molecules (called polymers) is known as polymerization. Ethylene (an 


alkene) undergoes polymerization in the presence of catalyst atchigh temperature and 
pressure to form polythene or polyethylene. 


AEE 400°C and 100 atm 
n CH;—-CH,; 7 9010; CH, СЕ 
Ethene Polythene 


| Polythene is a plastic and used for the manufacture of toys, bags, boxes, 
purses, carpet backing, buckets, rain coats, dustbins, shoes soles and pipe. 


16.5.7 Conjugation in Alkenes 

The word "conjugation" is derived from a Latin word that means "to link 
together". It is used in organic chemistry system to describe the situation that occurs 
When conjugated (or pi) systems (e.g. double bonds) are "linked together". The focus 
of this topic is on dienes. Dienes are alkenes with two double bonds. There are three 
different classes of dienes. that depends on closeness of the pi bonds. They are 
cumulated, conjugated, or isolated. 


Cumulated Dienes (also called cumulenes or allenes) 
The dienes jg}which the two double bonds are adjacent are called cumulated 
Example is 1,2-pentadiene. 


j 
ў dienes, 
4 


| 28 4 5 
CH;,—C—CH-——CH;—CH; 
1,2-Pentadiene : 
The compounds are relatively rare and will not be discussed here in this topic. 
ted Dienes (non-conjugated dienes) VE 
The dienes in which the double bonds are separated by more than one single 
nes. Example is 1,4-pentadiene. _ 


Cue cC 


| Isola 


bon 
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| 2 3 ES. 
CH; —CH— CH; CH=CH; 
],4-Pentadiene 
Conjugated Dienes : 
rhe dienes in which the double bonds are separated by one single bond are 
gated dienes. Example is 1,3-pentadiene. 


| 2 3 4 5 
CH;—CH —CH—CH—CH;, 
1,3-Pentadiene | 
Conjugation 
Conjugation takes place whenever p-orbitals overlap on three»or more adjacent 


atoms. The common conjugated system is 1,3-diens. The simplest example of 
conjugated diene is 1,3-butadiene. 


| 2 3 4 

CH2—=CH— CH=CH, 

In 1,3-butadiene, all the four carbon atoms are 8р” hybridized. Each carbon ha: 
pure p-orbital with unpaired electrons. The four-pure p-orbitals on adjacent carbon 
atoms make 1,3-butadiene a conjugated system. 

A molecule which has three or more pure p-orbitals on adjacent atoms allow: 
p-orbitals to overlap and electrons to delocalize over the whole molecule. When p 
orbitals overlap, the electron density in each of the pi bonds is spread out over all thi 
four atoms of the molecule, thus lowering the energy of the molecule and making i 
more stable. Conjugation makes 1,3-butadiene (conjugated diene) different from 1,4 


pentadiene (an isolated diene). The pi bonds in 1,4-pentadiene are separated by mor 
than one sigma bonds and are too far apart to be conjugated. 


16.6 Isomerism 


к l'he compounds having same molecular formula but different structuri 
ormulas are called isomers and the phenomenon is called isomerism. For example, ! 


butane and isobutane are isomers: am 
; they have s 
different structures. 7 e molecular formula (СН) b! 


CH; — CH; — CH; —CH, CH —CH— CH, 


n-Butane : CH; 


Isomers have different physical, chemical j 

, and biologica] | 
Number of Isomers depend upon the number of n Sone TE Бег! 
_ Isomers increases with the increase of carbon atoms. - Ip ORA 


à s ; 
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Table 16.7 : Number of Isomers of Alkanes 


оти [-No.ofisomes | 
EGG cce ERE 


stereoisomerism. : 
16.6.1 Chiral Centres and Carbon based Chiral Centres 
Tetrahedral atoms \ùstally carbon atoms that have feur different substituents 
are called chiral centres (or sometimes stereogenic centres)..A molecule that contains 
a chiral centre will be chiral and the molecules that*does not contain a chiral centre 
will be achiral. Molecules with a-single chiral centre are always chiral and the 


molecules with two or more chiral centres, mé may not be chiral. For example, 
alanine (an amino acid) contains a carbon atom with four different substituents; this 


FNN 
may or 
carbon atom is chiral centre, and.the_molecule itself is chiral: 
(NH7 


“h 4 
XM 
AF | 


H Chiral centre 
The four different groups bonded to chiral centre are: CH3, H, COOH 
and NH}. 

Keep in Mind! 


77 STIS EIE 
k word ch 
EN E NA 


f the object: 
du ght hand 


at your right 


E Vets 
Б 


A "wp 


ecause 
t 
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16.6.2 Optical уну Su MAD) | | 
Ordinary light consists of waves vibrating in many dif ferent planes. When it jg 
Polaroid lens), the light vibrates in one plane 


sed through polarizer (Nicol prism or 
ау This light which vibrates іп one plane only is called plane polarized li ght. 
The compounds having the ability to rotate the plane of polarized light in either 


clockwise or anticlockwise direction are called optically active and the property of 
rotating the plane of polarized light of compounds 1s called optical activity. 
Optical activity in a compound is measured by means of Polarimeter. 


om, 
Specific BEN | 


rotation 30° 
Observer 
Polarized | 


Unpolarized y = | ПА \ | 


DA 
\ 


Movable analyzer 


Sample tube containing 
organic molecules 


Polarizer 


T i Figure 16.3: Polarimeter — 

en plane polarized light is passed through a soluti i 

optically active compound), the beam of See light aoe НН 
number of degrees, either in clockwise or anticlockwise direction. The compound that 
bem the plane of, polarization of plane-polarized light in clockwise S ertion is 

= = Mites. It can be indicated in the compound's name by the prefix lower 
ges oS Compound that rotates the plane of polarization of plane-polarized 
е2 ee IS. called levorotatory. It can be indicated in the 
The wat - ы - y the peir lowercase l or (>). Dextro and levo are Latin prefixes. 
es means to the right" and the word “leyo” means “to the left.” 

Owercase d and J are used rather than (+) and (—) 

16.6.3 Optical Isomers 

The ons aa ; 

ions A йш ae same molecular formulas, structura! 
optical isomers and i "esr Interaction: towards. plane polarized light are called 
аа Bs nd the phenomenon IS known as Optical isome iens cron ers 

_have same physi i chemical nocere rism. Optical isom 
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Optical Isomers of Lactic Acid 

The two optically active forms of lactic acid (+) and (—) are similar in physical 
and chemical properties but differ only in their behaviour toward plane polarized 
light. The (+) lactic acid is dextrorotatory whereas (—) lactic acid is levorotatory. The 
(+) lactic acid is the mirror image of the (—) lactic acid. 


Mirror 
COOH COOH 
Z = VU CH; H3C DEN 
H 
OH HO 
(+) Lactic Acid (—) Lactic Acid 


The mixture of equal amounts of (+) lactic acid and (—) lactic acid i.e. (+) lactic 
acid (called racemic mixture or racemate) rotate plane-polarized light to an equal 
extent but in opposite directions, the rotations cancel, and no rotation is observed. 


16.6.4 Stereoisomers (Configurational Isomers) 

The compounds having same molecular and structural formulas but differ in 
the arrangement of atoms or groups in space2are called stereoisomers and the 
phenomenon is called stereoisomerism. There are two types of stereoisomers: 
geometric isomers and optical isomers. 


16.6.4.1 Geometrical Isomers (Cis-Trans Isomers) 

| Compounds having same molécular and structural formulas but restricted 
 TOotation are called geometric isomers and the phenomenon is called geometric 
 isomerism. Restricted rotation can be caused either by a carbon-carbon double bonds 
or by a carbon-carbon single bonds in cyclic compounds. The cis isomer (Latin, cisoid 
= Same side) has similar groups on the same side of carbon-carbon double bond and 
the trans isomer (Latin, transoid = opposite side) has the similar groups on opposite 
sides of the carbon-carbon double bond. For example, the cis isomer of 2-butene has 
hydrogen atoms on the same side of the double bond whereas the trans isomer has the 
hydrogen atoms on opposite sides of the double bond. 


OW. C— o c— 


CH, CH; СНз Н 
\ Ё \ А 
CEC CZE 


Cis-2-butene Trans -2-butene 


Pe gue == ҤьҤн 
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Cis and trans isomers are two different compounds and have different physica) 
and chemical properties. It is found that frans 1somers are сс нае than the 
corresponding cis isomers. This is because, in the cis isomer, the bulky (big) groups 
are on the same side of the double bond. The repulsion of bulky groups makes the cis 
i an trans isomer. 
EY bres that have two substituents bonded to two different carbon | 
atoms also have cis and trans isomers. Consider the example of 1,2-dimethyl. 


cyclopropane. 


CH; 
Cis-1,2-dimethyl Trans-1,2-dimethyl 
cyclopropane cyclopropane CH; 


The cis isomer has its methyl groups on the same side of the ring, whereas the 
trans isomer has its methyl groups on opposite sides of the ring. 
Conditions for Geometric Isomers 
i) Тһе geometric isomers must have a double bond. 


ii) There must be two different atoms or groups bonded to each carbon atom of the 
double bond. 


16.6.5 Constitutional isomers (Structural Isomers) 

The compounds having-same molecular formula but different structural 
formulas are called constitutional isomers and the phenomenon is called constitutional 
isomerism. Structural isomers differ in the arrangement of atoms within the molecule. 
> Constitutional isomers are further divided’ into five types namely, chain 
isomers, position isomers, functional group isomers, metamers and tautomers. 


16.6.5.1 Chain Isomers (Skeleton Isomers) 
| The compounds having same molecular formula but different carbon chains (?! 
skeletons) dre called chain isomers and the phenomenon is called chain isomerisn 


For example, the chain isomers of pentane has th 
m le same m СН!) 
but they have different chains of carbon atoms. е molecular formula (С! 


CH; CH; 
5. 4 чс ака дн И КО 
CH, CH;CH;CH;CH; CH3CH;CHCH; 


LJ 


n-Pentane 


Isopentane 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


V The compound n-pentane has five carbon chain, isopentane has four carbon 
! chain and neopentane has three carbon chain. 


R 
X 6.6.5.2 Position Isomers 


The compounds having same molecular formula but different positions of the 
A same functional group are called position isomers and the phenomenon is called 
* position isomerism. Examples of position isomers are the following: 
Cl Cl 
4 29S | а е |> | 
CH3CH;CH5CH, CH;CH,CHCH, ~~ 
1-Chlorobutane 2-Chlorobutane 


The compounds, 1-chlorobutane and 2-chlorobutane, have same molecular 
formula (C4HoCl) but different positions of chlorine atoms (functional groups). 


ы 1-Вшепе 2-Butene 
The compounds, 1-butene and 2-butene, have same molecular formula (СНз) 
but different positions of double bonds (functional group). 
16.6.5.3 Functional Group Isomers (Functional Isomers) 

. The compounds having same molecular formula but differ in the nature of 
functional groups are called functional group isomers and the phenomenon is known 
as functional group isomerism. For example, ethyl alcohol and dimethyl ether have 
same molecular formula (СНО) but different functional groups. 


CH;—CH,—OH . CH5—0 — CH; 


/ Ethyl alcohol Dimethyl ether 


| Similarly, methyl-acetate and propionic acid have same molecular formula 
_ (C3H,O,) but different functional groups. 
O O 
| CH,—C-——0——CH5 СНз CH mea aso ж И 
| Methyl acetate Propionic acid 


16.65.54 Metamers 


The compounds having same molecular formula and functional group but 
differ in the distribution of carbon atoms on either side of the functional group are 
called metamers and the phenomenon is called metamerism. For example, diethyl 


ether and methyl-n-propyl ether are metamers. | | 


| x sci ee ad 
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CH4,—0O— CH,—¢ H,— CH, 


CH; CH) * Methyl-n-propyl ether 


Diethyl ether | | 
Similarly, trimethylamine and ethylmethylamine are metamers. 
CH; H 


CH4—CH;—N-—CH; 


CH4—N- —CH; ; 
Ethylmethylamıne 


Trimethylamine 
Metamers belong to same homologous series. 


16.6.5.5 Tautomers | a | 
The two forms of same compound, which differ in the position of the prot 
and electrons are.called tautomers and the phenomenon is called tautomerism. The 
two forms, that is, keto form and enol form are readily interconvertible and exist in 
dynamic equilibrium with each other. For example, ethyl acetoacetate 15 in an 
equilibrium mixture of the following two forms: 
laca is 


ons 


CH,—C—CH—C——OCH;CH,  €H$3—C——CH——C — OCH;CH; 
Keto-Form (93% at 25°C) Enol-Form (7% at 25°C) 


Usually the 'keto' form of the compound is more stable, but in some cases the | 


'enol' form can be more stable. 


16.7 Alkynes AX 

Alkynes are unsaturated) hydrocarbons which contain one or more carbon- 
carbon triple bonds in their structures. The simplest member of the alkyne series i5 
ethyne, commonly called acetylene. The common name of alkynes is acetylenes, after 
the simplest member, acetylene. They have the general formula C, H5, 5», where n= 2, 
3, 4, 5.... The structure for acetylene is: 

H—GS=C—H 

Acetylene 

h Alkynes are less common in nature than alkenes, although more than thousand 
: B А eae ma isolated from natural sources. They are produced during 
16.7.1 Nomenclature i 


Alkynes are named in the same way as alken 
E. re ni | es. The IUPA alkyn? 
is obtained by г replacing the ending “ane” of the corresponding oe нир For 
example, CH ——CH is called ethyne and CH;Cz—CH is called propyne. When there 
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gre two or more possible location for the triple bond in a molecule, its position is 
$, ^. 


shown by a number. The IUPAC rules for naming alkynes are similar to those used 
for naming alkenes. 


Step 1. Select the longest chain of carbon atoms that contains the triple bond and 
name it. 


CH;—C==C—CH, 


The parent name of the compound is butyne. It means that there are four 
carbon atoms in the longest chain. 


Step 2. Number the longest chain of carbon atoms from that end which is closer to 
the triple bond. Alkynes with two or three carbon atoms do not need numbers. 


6 5 
CH35— CH3 


4 3 2 | 
CH3— CH--C—C——CH; 
Step 3. Indicate the position of the triple bond by the lower numbered carbon atom 
bound by the triple bond. | 


6 5 
СН, СН, 


4 3 2 І 

CH;—CH-——C——C——Ccrs | 

The triple bond is present between carbon 2 and 3, so the name of compound is 
2-hexyne. | | 
Step 4. Indicate the position of the substituent Бу the number of that carbon to which 
it is attached and name it in a manner similar to alkanes. The name of substituent is 
Stated before the name of the longest continuous chain of carbon atoms that contains 
the triple bond, together with a number to designate the carbon to which the 
substituent is attached; Note that if a compound’s name contains both a triple bond 
Suffix and a substituent, the triple bond suffix gets the lowest possible number. 


6 5 
CH; —CH, 
4 3 2 | 
CH, ОН с=с си; 
The methyl group is located at carbon 4 and the name of compound is 4- 


methyl-2-hexyne. 
Step 5. If an alkyne has two or more triple bonds, the "ne" of the corresponding 
alkane js replaced with *diyne," “triyne,” “tetrayne,” and so on depending upon the 


umber of triple bonds present in the parent alkyne. 
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4 3 а 
CH==C— CCH 
The compound has two triple bonds an 
butadiyne or buta-1 ,3-diyne. 


Alkenyne 
Alkenynes are hydrocar 


Nomenclature | = А | 
Step 1. If double and triple bonds are present at different positions Irom respective 


ends, then preference in numbering will be given to that end which is closer to double 
or triple bond. 

| 2 1 4 5 5 4 3 HM 

CH==C—CH—CH—CH, CH,—C==C——CH—CH, 

3-Penten-1-yne |-Penten-3-yne 

Step 2. If double and triple bonds are present at same positions, then preference in 
numbering will be given to double bond. 

5 4 3 2 | 

CH==C—CH,— CH=CH, 

| -Penten-4-yne 


d the name of compound is 13. 


bons which have both double and triple bonds. 


Practice Exercise -1 
y Give the IUPAC name for each of the following: 


|i) CH==C— CH, K 


PA ы, 


CH; ce 


| »»e oS, 
ш) CH,—CH—C==CH eC 


CH—C = Cha 


№ H,C—CH—C-— CH, 


P CH; 
CH; 


CH; 
CH; 


vi) HC=C—CH—c=cu, 


СН; 
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|» 2-Вшупе ii) | Pent-2-yne 
| ji) 1,3-Butadiyne iv) 3-Methyl-1-butyne 
| y) 4-Methyl-2-pentyne vi) 


Penta-1,3-diyne 


| vii) Hexa-2,4-diyne viii) Octa-2,4,6-triyne 


іх) 3-Hexen-1-yne X)  1-Hexen-4-yne 


16.7.2 Relative Stability of Alkynes 


Alkynes are more stable than alkenes because of smaller/bond length of triple 
bond. The stability of alkynes also depend upon: 


i) The Position of Triple Bond 
The internal alkynes (alkynes with triple bord, Tocated elsewhere along the 
chain, other than the end of the chain) are./more stable than terminal alkynes 
(alkynes with triple bond located at thé"énd of the chain). For example, 2- 
pentyne is more stable than 1-pentyne: 
ii) The Number of Substituents 
Branched alkynes are more stable than unbranched alkynes. For example, 2,5- 
dimethyl-3-hexyne is more:Stable than 3-hexyne. 
16.7.3 Structure of Alkynes 
Acetylene (an alkyne) has carbon-carbon triple bond. The triple bond of 
acetylene consists of one sigma bond and two pi bonds. The two carbon atoms linked 
through pi bonds-are sp hybridized. Thus, each carbon has two sp hybrid orbitals and 
two рше p-orbitals. One of the two sp hybrid orbitals of each carbon atom overlaps 
with half-filled s orbital of hydrogen atom to form C—H sigma bonds. The other Sp 
hybrid orbital of one carbon atom overlaps with sp hybrid orbital of the other carbon 
atom to form C—C si gma bond. The remaining two pure p-orbitals form two pi bonds 
between two carbon atoms through sidewise overlapping. Acetylene has linear shape 


With bond angles of 180°. The carbon-carbon triple bond length is 120pm and Carbon- 
hydrogen bond lengths are 106pm. | 
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s-sp overlap 


HSCS CSH 
Figure 16.4: Acetylene (C>H>) Molecule 
16.7.4 Physical Properties. 


1) 


The first three members of alkynes are gases, next eight members are liquids and 
higher members are solids. 
ii) . Alkynes are colourless and odourless except ac 


etylene which has a garlic like 
smell. © = 


Тһеу аге generally non-polar and are soluble in non 


-polar solvents like ether, 
benzene, ССІ, etc. 


) Their melting points, boiling points and densities increase 
increase in molecular masses. 
16.7.5 Preparation of Alkynes 


| Alkynes are prepared by the elimination of atoms (or group of atoms) from the 
adjacent carbon atoms. 


gradually witli the 


ase for elimination. 
pee. H 
ams Alc, KOH —He = р E 
ES + КВг tH 
Вг Н | А N 


1,2-Dibromoethane 
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х 


1 H | | 
C—C Ас Кон — —. с=с нв; + H,O 


EEEN 


Br H 
Vinylbromide Acetylene | 
E. This method is useful for the preparation of alkynes because the vicinal 
dihalides are readily prepared from alkenes by the addition of halogens. 
16.7.5.2  Dehalogenation of Tetrahalides 


Alkynes are prepared by heating vicinal tetrahalides with zinc dust in ethanol. | 
The reaction occurs in two steps. | | 


This method is not used. for the preparation of alkynes because the tetrahalides 
are themselves prepared by the halogenation of alkynes. ^ = ^ - Ер 


Вг Вг | Н ‚ Вг | 
ZN / Heat N ' : | 
H f eR нч! Zn ———»- с=ш= + ZnBr, - | 
Br Br Dd | Н | 
11,22 Теп осы | | l2DfÜjomotene —— ee — 
H Br | | | 22 
N I. / | Heat DEI. 
f= + Zn ———> H—C==C—H + ZnBr, 
Br H -— . | =? | 
1,2-Dibromoethene Acetylene | 
| 
| 
| 
| 


16.7.6 Reactivity of Alkynes | 9 
Alkynes contaift a carbon-carbon triple bond. One of them is a sigma bond апа 
| the other two are pi bonds. The electron density between the carbon atoms is very | 
_ high which draws-atoms very close to each other. Hence, the electrons of the triple | 


x 


| bond are less exposed than the electrons of the double bond. Thus alkynes are less 


| Teactive towards electrophilic reagents as compared to alkenes. - 
| 16.7.7 Acidity of Terminal Alkynes — Б : pe 
[ In alkynes, the triply bonded carbon atom is sp hybridized. In terminal alkynes, 9р 

the sp hybridized carbon is highly electronegative and so it is. strongly electron _ 1) 


| Withdrawing. This makes the attached hydrogen atom slightly acidic. Sas ok 
а ЕСЕ а аа ЕНЕ: Scl 


R—CEC—H. , ee ы Hla 
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Therefore, the hydrogen atoms of a nds can БЕ rA eDieadily by metals 


such as Na, Ag, or Cu to form ionic compounds. 


16.7.8 Addition Reactions of Alkynes 


Alkynes undergo addition reactions like alkenes but alkynes add two molecule, 


of reagent instead of one. 
bond of alkyne is converte 
converted to single bond. 
16.7.8.1 Hydrogenation (Addition of H2) 

Alkynes react with hydrogen gas in the presence of finely divided metal 
catalyst such as Ni, Pt or Pd at or above room temperature. The reaction occurs in two 
steps. The initial product is an alkene and the final product is an alkane. 


The reaction takes place in two steps. In first step, the triple 
d to double bond. In the second step, the double bond jg 


Ni 


HC==CH + Н, — rr” CH=CH; 
———_ Ni 
СН,==СН, + H5 TEIUWCT (Ies CH4—CH3 


16.7.8.2 Dissolving Metal Reduction 
Dissolving Metal Reduction is one of the most useful and oldest reduction 
methods. Reduction of organic compounds 4üsmg the solution of strongly 
pA ee metal such as Na, K, or Zn in an inert solvent such as liquid ammonia 
or tetrahydrofuran (THF) containing a protón-Source is К í | j í 
а gap is known as dissolving metal 
— Lig. МН 
HC==cCH + Na ———> CH==CNa + 1/2H 
Acetylene i i ? 
] Sodium acetylide 
Sodium acetylides can be used to convert lower alkynes to higher alkynes 
HC==CNa+ CHdQ Ces | 
3 CHzc-— 
In the above two reacti he 'H,' i aa oe 
ons, the 'H,' is added as 2€ and 2H . 


16.7.8.3 Hydrohalogenation 


Al : 
d ШУ ope E sed on ю produce dihaloalkanes. Addition of 
e. Halogen 
the lesser number of hydrogen atoms. The Sha E ver eed oe соо that has 
steps. 


Br 
CH;—C==CH + HBr —————» | 
CH4,—C— 
| Br 
CH,—C—CH; + НВг ————» CH,— eae 
3 


. . В 
The order of reactivity for HX is: HI» HBr»HCI xad 


rr— 
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16.7.84 Hydration (Addition of Н,О) 

Alkynes react with water in the presence of mercuric sulphate and sulphuric 

acid to form unstable enols which rearranges to produce carbonyl compounds. The 

product is an aldehyde in the case of acetylene and a ketone in the case of all other 
alkynes. The addition of water follows Markovnikov's rule. 


OH 


e 


CH3—C==CH + H—OH —— ——- CH;—C==CH> 


Propen-2-ol (an enol) 


ү 
CH;—-C——CH, a CH3;-—C—CH;. 
Propen-2-ol (an enol) Propanone (Acetone) 


16.7.8.5 Bromination (Addition of Br2) 


Alkynes react with bromine to form dibromides or tetrabromides. If bromine is 
in smaller amount, then dibromides are formed. If bromine is in larger amount, then 


tetrabromides are formed. 
Br. .Br 


CH;—C==CH + Br. ——— — MS CH, —C—CH 


Propyne (e 1,2-Dibromopropene 
Br Br Br Вг 
CH3—C —cQCHCE Вг. —————»- CH;—C —CH à 
Br r 
1,2-Dibromopropené 3B 2,2-Tetrabromopropane 


6.7.8.6 Ozonolysis (Addition of O3) 

ES reaction of ozone (O4) with alkynes to break carbon-carbon triple bond ‘is 

. onolysis Ofalkynes. The reaction of ozone with alkynes occurs in two Steps: 
“one adds to alkynes across the carbon-carbon m-bond to form. molozonides, 
© molozonides rearrange to form ozonides. 


c СО 
| Rearrangement 


| ere 
C=C. RCo 


R T Ze 
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rolysed by water to form 1,2-dicarbonyl compounds which 


- ides are hyd D dbi 
ii) Тһе ozonide y H,O; to form carboxylic acid mixture. 


undergo oxidative cleavage by 
p | | 
x» 
R—C—C-—R + НО" С—С. + H,0, 
| | R' R 
OU 
Ozonide 1.2-Dicarbonyl compound 


| | 
саас Hi == R’—C—OH + R—C—OH 
Mixture of carboxylic acids 


1.2-Dicarbonyl compound 
bond in an alkyne. The 


Ozonolysis is used to locate the position of triple 
molecules cleaves at the position of triple bond. 
16.8 Benzene and Substituted Benzenes 
Michael Faraday, an English scientist, in 1825 isolated benzene from the whale 
oil. Twenty year later, in 1845, benzene was found in coal tar by Hoffman. Benzene is 
the simplest aromatic hydrocarbon (or arene). Its molecular formula is СН. А 
molecule of benzene consists of a ring of six carbon atoms with one hydrogen atom 
bonded to each carbon. Benzene is represented by one of the following structures: 


H 
H | Ae я 
Эс 
[qc i) 
H NE p^ 
| | Benzene 


The organic compounds that contain benzene ring are called aromati 
compounds. Because many compounds containing benzene had fragrant odours, 
family of benzene compounds became known as aromatic compounds 

Benzene has | mainly three types of substituted derivatives that à 
monosubstituted, disubstituted and ^ polysubstituted benzene derivative 
Monosubstituted derivatives are formed by the replacement of one disubstitul 
derivatives are formed by the replacement of two and polysubstituted derivatives 
formed by the replacement of more than two hydrogen atoms by other group/grouP* 
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16.8.1 Nomenclature 
The nomenclature of aromatic hydrocarbons is complex than aliphatic 
hydrocarbons. 
16.8.1.1 Monosubstituted Benzene Derivatives 
The IUPAC rules for naming monosubstituted benzene derivatives are: 
i) They are named by placing the name of the substituent in front of benzene. For 


example: 
Chlorobenzene Nitrobenzene Ethylbenzene 


ii) Some monosubstituted benzene derivatives have common names that are 
accepted by IUPAC. Such names have to be memorized. 


op ERU 


Toluene Phenol Anisole 
СООН e CHO 
Aniline Benzoic Acid Benzaldehyde 
i CH; 


Acetophenone Benzophenone Styrene 
| 


— geionitie Cumene 


Benzenesulphonic a acid 


казамын, ишт 1 ru - гав 
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16.8.1.2 Disubstituted Benzene Derivatives eM 
There are three different isomers for disubstituted benzene derivatives. Their 


structures have substitution at 1,2—; 1,3—; and 1,4- positions. They are designated by 
prefixes ortho, meta and para. 1,2— is equivalent to or! ho (Greek, correct or straight) 
1,3- is equivalent to meta (Greek, between, in the middle), and 1,4— is equivalent to 

(Greek, beyond), Ortho, meta and para are also abbreviated as o—, m- and p- 


respectively. 


X 
| 
6 2 
5 3 
4 
p i I .39— ; Y 1 A— 
Ortho— . Meta— Para— 
o m— p— 


A Notice that the disubstituted benzenes háve two ortho positions, two meta 
positions and one para position. 
X — —— Original Substituent 


ortho ortho 


met: meta 
para 
Я TE pee ч one disubstituted benzene derivatives are: 
positions of substituents are either indj À 1 
ortho, meta апй рага or b pp cmm 
А y the use of locants i.e. | 
x fa an | ©. 1,2— for ortho. If e rmn 
two identical Substituents, the prefix di is used before the cw of " 


substituent. For example, di i 
! ‚ dimethyl derivati be 
has three constitutional isomers. They ate e nzene are called xylene and 


13 . ^ a 5 
1.2 Dimethylbenzene |.3Dimethylbenzene 
(Xylene) (Xylene) — 


AeA RNS Spe rT 


-|,4Dimethylbenzen¢ 
( pXylene) 
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ii) If benzene ring саш two different substituents, the position one is given to 
the group of high priority. The order of the priority of the groups is as: —COOH, 
_CN, -CHO, —COCH3, -OH, -NH,, -OR, -R 
Examples are: 

COOH | OCH, 


OH 

CH; 
?-Aminobenzaldehyde 3-Hydroxy benzoic acid 4-Methylanisole 
(»- Aminobenzaldehyde) (n;- Hydroxy benzoic acid) (p- Methylanisole) 


ithout priority order, then they are 


iii) If benzene has two different substituents w 
bstituent is assumed to be in 


named in alphabetical order. The last name su 
position 1. 


4_Chloro iodobenzene 


3_Flyoro nitrobenzene - 
(> Chloroiodobenzene) 


(zi Fluoronitrobenzene) 
art of a common root, name the compound as a 


?-Bromo chlorobenzene 
(о Bromo chlorobenzene) 


iv) If one of the substituent is P 
derivative of that monosubstituted benzene. 


wi iline 4- Chloro benzenesulpbonic acid 
à Ниту (.. Chlorobenzenesulphonic acid) 
71- 


2-Bromophenol 


NS E AREEHEEEHEEEHEEEEEE 
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v) Some dislU3 de? WELEHE Eb afiQESS АЖО ВӘ ЕЕ KHOWAD by their common 


Catechol Resorcinol Hyroquinone 


16.8.1.3 Polysubstituted Benzene Derivatives 
The IUPAC rules for naming polysubstituted benzene derivatives are: 

i) When benzene ring has more than two identical substituents, the prefix tri is 
used for three, tetra for four, penta for five and hexa for six before the name of 
the substituents. Assign the lowest possible numbers'to the substituents. 


r 


Вг НзС 


1,2,4-Trichlorobenzene 1,3,5-Tribromobenzene 1,2,4,5- Tetrameth ylbenzene 


rent substituents, then they are 
substituent is assumed to be in 


ii) 


4-Bromo-3-chloroiodo - 3: $ | 
Bromo-5-fluoronitro 2,4-Diehloro. -iodonitro 
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e H 


2,4,6-Trinitrophenol 2 4.5-Trinitrotoluene 2.4.6-Triiode phenol 
i) Some polysubstituted benzene derivatives are better known by their common 
names. 


Picris asid - 


16.8.2 Physical Properties of Benzene 

i) Benzene is a colourless liquid and has peculiar smell 

1) И has burning taste; 

iii) Its melting point is 5.5°C and its boiling point is 80. 1C. 

It is insoluble in water. 

V) Itis highly inflammable and burns with luminous and smoky flame. 


ti ri 18 miscible with alcohol and ether in all proportions. 

ui 18 Specific gravity is 0.884 g/cm° at 15°C. —— NA See 
1) Кіз good solvent for many organic and inorganic substances such as fats, resins 

Sulphur, phosphorus, and iodine. te 

B vapours are highly toxic which on inhalation produce loss of consciousness, 

long run, its vapours destroy the red and white blood cells. M 
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16.8.3 Structure of Benzene (Molecular Orbital Aspects) 


The hexagonal planar structure of benzene can be best зрад in terms of 
molecular orbital theory. Each carbon in benzene has une? sp hybrid orbitals апд 
they are half filled hence used in bond formation. The two sp hybrid orbitals аге used | 
to make sigma bonds with adjacent carbon atoms due to.sp"—sp” overlapping while the 
third sp* hybrid orbital is used to make sigma bond with hydrogen atom due to sp, 
overlapping. All sigma bonds in benzene lie in the same plane and all the bond angles 
are of 120*. This confirm the regular hexagonal structure of benzene. 


(2) «3v 2 (3) 
Figure 16.5: Structuke of Benzene 


of delocalization, stronger -m> “bonds and 
Delocalization makes benzene les i 


16.8.4 Resonance, Resonance Energy and Stabilization 
/16.8.4.1 Resonance | 

The resonance is another term that is used for delocalization. 

which two or more structures are written for 

arrangement of electrons is. called resonance. 

called resonance structures. They are also 

canonical structures. The resonance theory 
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theory. These struMBfe& tcn BUD RE POST ЭАе ЕК ATMADI) 
allowed to move electrons and not the atoms Se ane SO a 


The resonance is re 1 
| id presented by placing 
a double headed arrow (<—-+) between resonance structures. The major contributing 
structures for benzene are written as follows: 


l 
- 6 
«—————M 
1 5 2 Р 
4 
) 


4 
x (b) 

Each drawing alone is inadequate to describe. the structure of benzene. The 
problem is that each carbon-carbon bond is neither a single bond nor.à double bond. 
Each carbon-carbon bond is single in one resonance structure and double in other, so 
the actual bond length (139 pm) is intermediate between a carbon-carbon single bond 
(153 pm) and a carbon-carbon double bond (134 pm). The three alternate single and 
double bonds in the structure of benzene are called conjugate bonds or resonating 
bonds. The actual structure of benzene may be represented as a hybrid of the above 


two (a and b) resonance structures. 


| 
| 


(a) (b) (с) 


The drawing ‘c’ is the resonance hybrid and it is more stable than resonance 
Structures ‘a’ and ‘b’. This is because in any one canonical form the m-electrons are 


localized while in the hybrid the m-electrons are delocalized over six atoms of the 


benzene ring. 
16.8.4.2 Resonance Energy and Stability of Benzene | 
The differance between the energy of the actual molecule (a resonance hybrid) 
and the most stable resonance structure is called resonance energy. It is also known as 
elocalization energy. Resonance energy can be used to explain unusual stability and 
ack of reactivity toward addition of benzene. Resonance energy can be determined by 
е difference between the calculated and experimental heats of pee of the 
Compound. Consider the following thermochemical results to see the unusual stability 


of benz i Ж 
irs yclohexene, à six-membered ring containing 


The heat of hydrogenation for c 


One double bond, is found to be —120kJ/mol. 
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Q Pt AH? = -120 kJ/mol 
T Bw Em 


tion for 1,3-cyclohexadiene, a six-membered. rin 

should be (2 X —120kJ/mol) —240kJ/mol. The 
kJ/mol. This is slightly smaller than expected value 
gated diene, and conjugated dienes are more 


The heat of hydrogena 
containing two double bonds, 
observed value, however, is —23 
because 1,3-cyclohexadiene is a conju 
stable than two isolated carbon-carbon double bonds. 


-———— AH? = -232 kJ/mol 


The heat of hydrogenation of 1,3,5-cyclohexatriene (benzene), a six-membered 
ring containing three double bonds, should be (3 x —120 kJ/mol) —360kJ/mol. The 
observed heat of hydrogenation, however, is only —208 kJ/mol. The observed value is 
152 kJ/mol less than expected value. This difference between the amount of observed 
heat of hydrogenation and that of calculated heat of hydrogenation is called the 
resonance energy of the compound (benzene). 


+ 3H, —— AH? = 208 kJ/mol 


Benzene is, therefore, said to’ be resonance stabilized by an amount of 152 
kJ/mol, which is known as resonance energy. Now it becomes clear that the process of 
resonance makes benzene more stable than the other unsaturated hydrocarbons. 


16.8.5 Reactivity and Reactions of Benzene 

Benzene is highly unsaturated and has six m-electrons delocalized in six Г 
orbitals. But it does not undergo addition reactions as happily as other unsaturated 
hydrocarbons such as alkenes and alkynes. This is because the loosely m-electrons in 
alkenes and. alkynes are localized but in benzene are delocalized. In alkenes anó 
alkynes the 7-electrons are easily available for different addition ce while, i? 
benzene, the -electrons are not easily available. Therefore, benzene is less reactiv? 
than alkenes and alkynes towards electrophilic addition ано Th st commo 
reactions of benzene are electrophilic substitution reactions, c 
16.8.8.1 Addition Reactions 


There are two i5 E et Б 
йб нш. types of addition reactions: addition of hydrogen and addition of 


——— S—— 
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Addition of Hydrogen (Catalytic Hydrogenation) 
Benzene reacts with hydrogen in the presence of catalyst like Pt, Pd and Ni at 
high temperature and pressure to produce cyclohexane. 


Ni. 200°C 
Е 3H 25 atm 


Addition of Halogens 


Benzene reacts with Cl, (or Br;) in the presence of sunlight to form benzene 
hexachloride and is used as insecticide. 


Cl 
Cl Cl 
+ 3C), —Sulish 
Cl CK 
Cl 


Reaction of F, with benzene is vigorous and reaction of L with benzene is very 
slow. 
The addition reactions of hydrogen and) halogens indicate that benzene is 
unsaturated and contains three double bonds. 


16,8,5,2 Electrophilic Aromatic Substitution Reactions 
16.8.5.2.1 General Introduction 

The most important reactions of benzene are electrophilic substitution 
“actions. In these reactions, one of the hydrogen atom (proton) of the benzene ring is 
replaced by an electrophile. The electrophilic substitution reactions carried out in the 
Presence of Lewis acid catalyst such as FeX3 ог AlX; that help in generation of 
electrophile. The electrophile will either be a positive ion, or the slightly positive end 
% а polar molecule. 


General Mechanism | 

The electrophilic aromatic substitution reaction generally involves two-steps: ` 

: Formation of Arenium Ion | 

T: The electrophile attacks the m-electrons of the benzene ring to form а O-bond 

i ie о the carbon atoms of the Берер ring, PERCENT RR dud s 
. "late (cyc] i cation) known as | трех. 

i na irl IE e ce Detur carbon i e Dundee 
9Phile becomes sp'hybridized and it has no p-orbital. Now only five carbon 


Step 1 
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atoms of the ring are sp’ hybridized and has p-orbitals. Hence, 


does not possess a continuous system of overlapping p-orbitals. 


E 
H 
ЕЯ 


The positive charge is effectively distributed over three carbon atoms by 


Ь sigma comple; 


resonance which makes it partially stable. 


E E + E 
: Cs I — e ei ———J- ( f 
А + + 


Step 2: Regeneration of Catalyst and Formation of Product 

The sigma complex intermediate is highly reactive and loses its proton 
from sp*hybridized carbon to а Lewis. base. The’ electrons that held the proton 
(hydrogen) move into the ring to restore “its aromaticity. Remember that the 


proton is always removed from the carbon/that has formed the new bond with the 
electrophile. | 


E 
m — Catalyst S 
1 қ P: + H—Nu + Catalyst 


Keep in Mind 


The first step is rate determining step and is relatively slow. This step 
consumes energy because an aromatic compound is being converted into a much 
less stable'non-aromatic intermediate. 


The second step is fast because the aromatici ing i5 
edi таце ter в 


The five most useful electrophilic aromatic substitution reactions s" 


nitration, sulphonation, halogenation, Friedel-Crafts alkylation and Friedel 
Craft’s acylation. 
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COR H NO; 
RCOCI HNO 
= —————— 
AICI, HSO, 
C $ 
DS 


Fnedal-Craft's Nitration 
Aeviation , 


Friedal-Craft's Sulphonation 
Alkylation 


Halogenation 
16.8.5.2.2 Nitration 
The replacement of hydrogen of an organic compound by a nitro group is 
called nitration. Benzene reacts with a mixture of cone. HNO; and conc. H2SO,4 
at 50-55°С to produce nitrobenzene. 


H NO; 
t HONO, Lone FSO, ey + Ho 
= 50-55°С 


Conc. H5SO, acts a catalyst and increases the rate of chemical reaction by 
increasing the concentration of the electrophile, NO; (the nitronium ion). 


Mechanism 
The electrophile (NO?) is produced from the acid-base reaction that occurs 
between HNO, and H5S04. 5 
Step 1: Nitric acid acts às à base to accept a proton (hydrogen ion) from the stronger 
acid, sulphuric acid and produce protonated nitric acid. | 
NY- H 082: 


Pe [XP 
: : / $ 
vos а — Se HSO4 
T ^ 
s, 
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Step 3: The electrophile attacks the benzene ring to Hn arenium ion. 


ELAES 
oc: HO=N=C e 


Step 4: The intermediate arenium ion loses a proton to a Lewis base to produce 
nitrobenzene. 


Cc оно Су с но 


16.8.5.2.3 Sulphonation 


The replacement of hydrogen of an organic compound by a DET. acid 
(—SO3H) group is called sulphonation. Benzene reacts with fuming ораи acid 
(Н,50, + 803) at room temperature to give benzenesulplionic acid. 


ЗОзН - 
* SO, Tett se 


Mechanism 


Step 1: The sulphuric acid io 
hydronium ions. ә оссе aS o pr oduce hydrogen sulphate and. 


H,SO, $ H,O —> HSO; et H40* 
The electrophile attacks the benzene ring to form. arenium ion 


Step 2: 


ion to produce 
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Step 4: The benzenesulphonate ion accepts a proton form hydronium ion to produce 
benzene sulphonic acid. 


Q , 
Ме \ 08 
d ee Fast Р aN 
OH + ноен oo O + H,O 
| 
H 


16.8.5.2.4 Halogenation 

The replacement of hydrogen of an organic compound by a halogen is called 
halogenation. Benzene reacts with halogens (Cl, or Вг) in the presence of Lewis 
acids such as ferric chloride or ferric bromide to produce halobenzene (chlorobenzene 
or bromobenzene). \ 


Н СІ 

+ C—Cl ee + HCl 

H Br 
FeBr4 

+ ВРВІ oa + HBr 


The reactions of iodine and fluorine are not synthetically useful because the 
reaction of iodine with benzene is too slow and that of fluorine is too fast. 


Mechanism E 
Step 1: Chlorine reacts with FeCl; to produce a Lewis acid-base complex 


(electrophile). 
+ 


:б——&:Сў`“кесь a :С1——С1—РеСЬ 


The complex has weak and polar chlorine-chlorine bond and acts as a source of 
chloronium ion (CI*). 
Step 2: The benzene ring donates an electron pair to the terminal chlorine, forming a 
new carbon-chlorine sigma bond and forms an arenium ion along with a base (FeCl;). | 


СЇ 
H С А 
2, С5 X = Slow о = 
+ :Cl -—CI— FeCl, р Жайдан кааран Ў H FeCl4 
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Step 3: A base (FeCl,) removes the proton from the arenium ion to from 
chlorobenzene and regenerate the catalyst. 


‘Oh Ch 
HOC Rech = + FeCl, + HCl 
+ NA 


16.8.5.2.5 Friedel-Crafts Alkylation 

Charles Friedel, a French chemist, and James Crafts, an American chemist, 
discovered new methods for the preparation of alkylbenzenes and acylbenzenes in 
1877. Because of this, these reactions are known as Friedel-Crafts»alkylation and 
acylation reactions. We are going to study the Friedel-Crafts alkylation here and 
Friedel-Crafts acylation in the next section (16.8.5.2.6). : 

The replacement of hydrogen of benzene by an_alkyl group (—R) is called 
alkylation. Benzene reacts with alkyl halide in the présence of Lewis acids such as 
aluminium chloride to produce alkylbenzenes. ' 


H R 
ef R—c| —BEh, Ge HCl 


Mechanism 


Step 1: Lewis acid (AICI) reacts with alkyl chloride to produce a Lewis acid-base 
complex that serves as a source of an electrophile. 

+ 
=== RI = 
Step 2: The benzene ring donates an electron pair to the alkyl group, forming the 
arenium ion and a base (AICI, ). 


H f 
+ 
+R CIMC ea 


R—CH: (+ aici, 


R 

H + AICI, 
+ 
Step 3: A base (AICI;) removes the Proton from the arenium ion to from 
alkylbenzene and regenerate the catalyst. 


> R 
H + :CI—AIcL Еа 
Гуо 3 + AICI, 
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16.8.5.2.6 Friedel-Crafts Acylation 


| The replacement of hydrogen of benzene by an acyl group (—COR) is called 
acylation. Benzene reacts with acyl halides (also called acid halides) or acid 
anhydride in the presence of Lewis acids to produce ac 


ylbenzene. 
O 
HESH deni 
| AICI 
T URI—GC-—CI - 3 + HCl 
i 
s e C—R 
2s Dx AICI; : 
YP + R—COOH 
КЕ=С < 
| 
О 


Mechanism 


Step 1: Lewis acid (АІСІ;) reacts with ac | 
yl chloride to produce a Lewi id- 
complex that serves as a source of an electrophile. A "азарае 
ʻO: 


+ 
Кус Сс Ad 
Step 2: The benzene ring donates an electron 


КСС: + “АС 


С. pair to the carbon of carbonyl erou 
WIS acid-base complex, forming the-arenium ion and a base (AICI, ). icd 


О 
| | 
H Jn [\ ИК 
+ 
+ R—C——CI—AICI, ze Н +АІСІ, 


+ 
3: - 
Step A base (FeCl, ) removes the proton from the arenium ion to from acylbenzene 


regenerate the catalyst. 


O 
| 


| 
C—R 
+ AIC], + НСІ 
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16.8.5.2.7  Substituent Effects on Benzene Ring pe 

Only one product can produced when an electrophilic substitution takes place on 
benzene. It is because all the available sites of benzene ring are equivalent. But what 
would happen if we were to carry out a reaction on a benzene ring that already has a 


substituent? A substituent already present on the benzene ring can affect the reaction 


in two ways: (a) substituents affect the reactivity of the benzene ring (b) substituents 


affect the orientation of the reaction. 


A) The Effect of Substituent on Reactivity 
e the benzene ring (make the ring more reactive toward 


Some substituents activat 
electrophilic aromatic substitution) and some substituents deactivate the benzene ring 


(make it less reactive). The substituents are divided into two types on the basis of 
reactivity: activating groups and deactivating groups. 
Activating Group 

A substituent that donates the electrons to the ring iscalled an activating group. 
It is also called activating substituent. Activating group makes the benzene ring more 
electron rich by donating electrons to the ring, then the ring will be more reactive 
towards electrophilic aromatic substitution and the reaction will occur faster. For 
example, in aromatic nitration, the hydroxyl group (—OH) makes the ring 1000 times 
more reactive than benzene. ‚ | 


e Pheno 
Deactivating Group 
group. i re а ишш the electrons from the ring is called deactivating 
ee pit Ў led deactivating substituent. The deactivating group makes the 
WE. tac d DE electrons from the ring, then the ring vill 
philic aromatic substitution E. . 
and the reaction will occ" 


ў, t , nitr | 


CY RE 
ранен p coe ME 
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Table 16.8: Activating and Deactivating Groups 


Deactivating Groups ij 
_ Strong | Moderate | Weak | 


Notices that the hydrogen atom is taken as a standard and is regarded as having 
по effect. 


Keep in Mind 


Activating groups are alkyl groups, phenyl groups or they havea atom esp. N or O 


atom with a lone pair of electrons attached directly to the benzene ring. 
Deactivating groups are either halogens or they have an atom with full or partial 
positive charge attached to the benzene ring. XY 


B) The Effect of Substituents on Orientation ! 

The process of determining the position-óf second incoming substituent on the 
monosubstituted benzene is called orientation. The position of second incoming 
substituent (electrophile) depends upon the nature of first substituent already present 
m the benzene ring. Because the first-substituent activates or deactivates the benzene 
"ng and provides a site for the second incoming substituent. Substituents can be 


EN са ы 
ы into two groups that are: ortho-para directing groups and meta directing 
Oups, 


Ortho-para Directing Groups 

И: рейши фар direct the incoming electrophile towards ortho and para 
'5 are called ortho-para directing groups. They are electron releasing groups 
activates primarily the ortho and para positions. Hence, the attack of electrophile - 
EV at ortho and para positions. All activating substituents and the weakly 
bunc halogens are ortho-para directors. For example, when toluene reacts with 
B с сопс. HNO, and H5S0., we get the mixture of three products that are о- 
аар. а m-nitrotoluene and p-nitrotoluene. We find that most of the substitution 
оно 10 and para positions. We may say that the methyl group of toluene is an 
n à directing. 


Lex eS E S 
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"Ha CH; CH3 з 
NO, 
HNO, a " 
H580, 

NO; 

NO, 

o-Nitrotoluene m-Nitrotoluene p-Nitrotoluene 
(59%) (4%) (37%) 


Meta Directing Groups 

Substituents that direct the incoming electrophile towards meta positions are 
called meta directing groups. They are electron withdrawing groups and deactivates 
primarily the ortho and para positions. Hence, the attack of electrophile may occur at 
metapositions. All moderately and strongly deactivating substituents are 
metadirectors. For example, when benzoic acid reacts with a mixture of conc. HNO; 
and H5SO, at 100 C, we get the mixture of about 80% of the m-nitrobenzoic acid, 
18% o-nitrobenzoic acid and 2% p-nitrobenzoie acid. We find that most of the 


substitution occurs at meta positions. We may say that the carboxyl group of benzoic 
acid is metadirecting. 


H OOH OOH OOH 
NO; 
NO, 


| ; NO, 
o-Nitrobenzoic m-Nitrobenzoic p-Nitrobenzoic 
acid acid . acid 
(18%) (80%) (2%) 


Keep in Mind 


Monosubstituted benzenes that give mainly ortho and para products 
usually react faster than benzene. Monosubstituted benzenes that give 
meta product always react more slowly than benzene. | 


16.8.5.2.8 Formation of Polysubstituted Benzenes j 

The substitution pattern of electrophilic substitution reactions can be controll 
by the substituent group already present on the benzene ring other than hydrogen. n 
activating group such as methyl, hydroxyl, and methoxy о 


п a benze 


— LORS 


ne ring direct g 
XE m 2: 
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electrophile to ortho and para positions of the ring whereas the deactivating groups 
sich as nitro, carboxyl and aldehyde except halogens directs the electrophile to meta 

sitions. If there is competition between ortho-para and meta directing groups, ortho- 
para directing groups predominate. 


Formation of Disubstituted Benzenes 


The position of the second substituent depends upon the nature of the first ' 


substituents already bonded to the ring. 


Consider the example of nitration of anisole. The methoxy group of phenol is 
electron releasing group and is ortho-para director. It sends the second substituent 
(electrophile) mostly to the ortho and para positions. 


OCH, OCH; OCH; 
NO, : 
HNO; 
— 
H-SO4 + 
NO; 
o-Nitroanisole p-Nitroanisole 
(Major Products) 


The ortho and para products can be separated by several methods because they 
have different physical properties. ж 


Formation of Trisubstituted Benzeties 
The position of third substituent depends upon the nature of both the 
Substituents that are already bonded to the benzene ring. | 
я Ё: If the two substituents direct the new substituent to same positions, then 
neither group will dominaté. Consider the example of nitration of p-nitrotoluene. It 
5 two substituents: thè methyl group and nitro group. The methyl group in p- 


Nitr i ө . . д 
“toluene is ortho-para director and the nitro group is meta director. 

CH; CH 

NO, 
=: 
150 
NO; NO»? 
p-Nitrotoluene 2,4-Dinitrotoluene 
SSG CS SE BEDE SN ET SEAT EE eS A RI Pe d E A CURATI E 
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In this example, the methyl group directs the incoming substituent to the orth 
the para position is already blocked and the nitro group ding 
meta position to the nitro group. In this example, » 
e incoming substituent to the sam 
nd only one product is formed. i 


positions only because 
the incoming substituent to the 
the methyl group and nitro group direct th 
positions. Since the two positions are identical a 
Example 2: If the two substituents direct the new substituent to different position, 
edominates. Consider the example of m-nitroanisole, The 
vating group as compared to пиг, 
ra to the methoxy group. 


the more powerful group pr 
methoxy group in m-hitroanisole is a stronger acti 


group, and the substitution takes place ortho and pa 


OCH; OCH; 
HOS 
SO; 
9504, T 
NO, 


NO, NO, 


(Major Products) 


The isomer with sulphonic acid group (—SO3H) between the —OCH; and 
—NO) is a very minor product because of steric hindrance. 


So ee CM mtm cu T 
| Importance of Various; Hydrocarbons as Fuels for the Future 


| Energy Needs N 
| Fuels are naturally occurring combustible substances that act as a source of heat 
| energy or raw materials for the chemical industry. Hydrocarbons (compounds of hydroge 


| and carbon) are mainly used as fuels. Fuels include from methane to higher hydrocarbons 
containing seventeen carbon atoms. Some of the important hydrocarbons that are used ® 
fuels are LPG, natural gas, gasoline, kerosene oil, and diesel. The higher hydrocarbons 
having more than seventeen carbon atoms are present in heavy oil fractions. They can be 
cracked to get gasoline and other hydrocarbons that can be used as fuel in various sectors 
Energy is obtained from fuels through combustion (burning) process. 


Uses of Hydrocarbons as Fuels 
LPG (liquefied petroleum gas) is a refined i 
t l . ng a 

mutum) petroleum gas and is used as campi? ' 
Natural Gas is a fossil fuel that exist in a gaseous state and is composed mainly j 
methane (CH4). It can be used as fuel in industries, electric power stations and homes: 
CNG (compressed natural gas) is a natural gas under pressure and can be used as cheap?" 
ative to the traditional petrol and diesel fuels for V? E 
, н l ЕЕ 


E са масс ut E - 
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xig PX Apes T cars, motorbikes, trucks, boats and other transport vehicles. 
eL » y used to power jet engines of aeroplanes and some rocket engines. 
It is used to fue amps and lanterns because it has low explosion hazard and burns 
relatively cleanly. It is also used in stoves for cooking. 

is used as a fuel for trucks, buses, tractors, tanks and central heating systems. It is 
also used in diesel engine generators to generate electricity. 
Coal is not hydrocarbon. It is made up almost entirely of carbon. It is mainly used in 
power generation. It is also used as household fuel for cooking and heating. 
Fuel oil 15 derived from crude petroleum either as a distillate or a residue at the oil 
refinery and is the most widely used liquid fuel for power generation and ships. Fuel oil 
has more than sixteen carbon atoms. - 
Paraffin wax is an alkane with approximately 25 carbon atoms, and is used as fuel for 
candles. «`2 


\Summary of Facts and Concepts | 


Hydrocarbons are the compounds of carbon and hydrogen atoms only. They are 

the major sources of petrochemicals. Hydrocarbons are broadly classified as 

aliphatic and aromatic. | | 

e Aliphatic hydrocarbons are straight chained, branched or non-aromatic 
compounds. They may be classified as saturated or unsaturated. 

e Saturated hydrocarbons contain carbon-earbon single bonds. They are also 

known as alkanes or paraffins. They-have no functional groups. They have 


general formula C,Hon+2- 
* A Alkanes react with halog 
The mechanism occurs in three steps: 


ens by free radical mechanism to produce alkyl halides. 

(i) initiation. (ii) propagation and 
(iii)termination. 

* Complete oxidation of a 

* Unsaturated hydrocarbons 
They are further divided into a 

*  Alkenes are unsaturated hydrocarbons, 
carbon double bonds. They are also known E. 
formula C,H;,. They are very reactive compoun 


addition reactions Very easily. 
* Addition of an unsymmetric 
unsymmetrical alkene like ргорепе, 


rule 
: ; formul 
*  Thecompounds having ВАШЕ mele а 

are called isomers. For rapie lecular fo 
isomers of pentane. They hayes э Rare А wn AD 


ad 


on dioxide, water vapours and energy. 


Ikanes give carb : 
contain one or more carbon-carbon multiple bonds. 


Ikenes and alkynes. | | 
which contain one or more carbon- 


olefins. They have general 
s and undergo electrophilic 


al molecule (polar reagent) such as HX to 
occurs in accordance with Markovnikov's 

a but different structural formulas 
iso-pentane and neo-pentane are ^ 
rmula but different structures. 
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Alkynes are unsaturated hydrocarbons, which contain one or more carbon. 
carbon triple bonds. They have general formula C,H5,.. They are produced 
during cracking of petroleum. 

Alkynes undergo addition reactions like alkenes but alkynes add two molecule, 
of reagent instead of one. They occur in two steps. 

Terminal alkynes contain weakly acidic hydrogen, hence the hydrogen atoms of 
alkynes can be replaced readily by metals such as Na, Ag, or Cu to form ionic 
compounds. | 

Hydrocarbons which have at least one benzene ring in their structures are called | 
aromatic hydrocarbons. The term “aromatic” is derived from the Greek word 
"aroma" meaning fragrant. 

The molecule of benzene consists of a ring of six carbon atoms with one 
hydrogen atom bonded to each carbon. Benzene was discovered by Michael 
Faraday in 1825. 

Resonance is the process in which two or more structures are written for a 


compound which differ only in the arrangement of electrons. The resonance is 
represented by placing a double headed arrow’ (<——>) between resonance 
structures. | | 


The difference between the energy of the“actual molecule (a resonance hybrid) 
and the most stable resonance structüre is called resonance energy. The 
resonance energy of benzene is 152, kJ/mol. The process of resonance makes 
benzene more stable than the other unsaturated hydrocarbons. 

Benzene is less reactive than alkenes and alkynes towards electrophilic addition 


reactions. The most common reactions of benzene are electrophilic substitution 
reactions. 


e substituents activate the benzene ring while some others deactivate the 
nzene ring. On the basis of reactivity, the substituents are divided into two 
types: activating groups and deactivating 


groups. 


| Multiple Choice Questions f 


Selettóne answer from the given choices for each question: 
The compounds of carbon and hy 


drogen in whi jes of 
carbon are fully satisfied are termed as: oa 
se Alkanes (b) Alkenes 
s (c) Alkynes (d) Alkanols 
li) Acetylene is the example of: 
(a) Alkane | (b) Alkene 
sess (d) Enyne 
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The addition of unsymmetrical reagent to an unsymmertical alkene follows the 
rule: 


(a) Pauli's exclusion principle (b) Hund's rule 


(c) Auf bau principle (d) Markownikov's rule 

The geometry of alkanes is: 

(a) Linear (b) Triangular 

(c) Tetrahedral (d) Octahedral 

Alkanes are colourless and odourless liquids when they have: 

(a) Less than five carbons (b) Five to seventeen carbons 

(c) One to seventeen carbons (d) More than seventeen carbons 
The isomers of a compound have same: 

(a) Physical properties (b) Chemical properties 

(c) Structural formulas (d) Molecular masses 


Which type of substitution reaction occurs in benzene easily? 
(a) Electrophilic substitution reaction 

(b) Nucleophilic substitution reaction 

(c) Both occurs simultaneously 


(d) None of the reaction takes place 
The substituent (— CHO) as shown attach to benzene ring is said to be: 


oS pn 


(a) Activator to the ring 

(b) Deactivator to the ring 

(c) Tt does nothing to the ring 
(d) Itis just a functional group 


А ег 
The given two compounds аге...... of each oth 


OH 


сүр сн «mE eG mee 
3 


(b) Metameres T 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


(c) Tautomers (d) Positional isomers 


Two optical isomers such as (+) lactic acid and (—) lactic acid, have: 
(a) Same physical and chemical properties 

(b) Same physical but different chemical properties 

(c) Different physical but same chemical properties 

(d) Same behavior towards plane of polarized light 


Short Answer Questions 


АРАС ЬЕ амн ааа aE A STS SIENNA 


. Explain the reaction mechanism of free radical. 


Why alkanes are less reactive than alkenes? 

Why alkenes are more reactive than alkynes? 

Why benzene is less reactive than alkenes? 

Explain why cis-alkenes are generally less stable than their trans-isomers 
Why a substituent directs an incoming electrophile to a particular position? 
Define radical, homolytic fission and heterolytic fission. 

Give the order of reactivity of alkanes, alkenes, alkynes and benzene. 
Why alkynes are acidic in nature? | 

What is electrophilic substitution of benzene? 

Why benzene does undergo electrophilic substitution reaction? 

Why benzene does not undergo electrophilic addition? 

Why benzene acts as a nucleophile? 

What are activating and deactivating groups? 

Is nitro group activating or deactivating? 


Y 
j Long Answer Questions 


What are hydrocarbons? How are they classified? Give an example of each 
type. 

Define nomenclature. Give historical background of common and IUPAC 
systems. 

Explain nomenclature of straight chain and branched chain alkanes 

Describe the nomenclature of cycloalkanes. 

Explain structure, relative stability and reactivity of alkanes. 

Explain structure, relative stability and reactivity of cycloalkanes. 

Write down the physical properties of alkanes and cycloalkanes. 

Give an overview of the radical substitution reactions. 
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- Write the structural formulas of the 


Describe the oxidation of organic compoünds. 


. What are alkenes? Explain the nomenclature of alkenes. 

. Describe the relative stability, structure and reactivity of alkenes. 

. Write down the methods for the preparation of alkenes in detail. 

. What are the physical and chemical properties of alkenes? Explain. 

Describe the concept of conjugation in alkenes. Your focus should be on 


dienes. 


. What is isomerism? Explain different types of isomerism. 

. What are alkynes? Explain the nomenclature of alkynes. 

. Explain relative stability, structure and reactivity of alkynes. 

. Give the general methods for the preparation of alkynes. 

. Write down the physical properties of alkynes. 

. What do you know about addition reactions of alkyne? Explain. 

. Define benzene and give its classification. 

. Explain the nomenclature of aromatic hydrocarbons. 

. Explain the structure of benzene in terms of molecular orbital theory. 

. What is resonance? Explain the important aspects of resonance with reference 


to benzene. 


. Define the term resonance energy and discuss the stability of benzene. 
- Draw the structures for the following hydrocarbons: 


1) 2-Methylhexane 

ii)  3-Methylheptane 

iii)  4-Ethyl-3-methylheptane 

iv)  224-trimethylhexane 

v)  4-Ethyl-2-methylhexane 

vi)  3-Ethyl-3-methylhexane 

vii)  2,3-dimethylbutane 

viii) 2,3,4-trimethlylpentane 

ix)  3-ethyl-2,2-dimethylpentane 

X)  5-ethyl-2,6-dimethyloctane 

Xi) — Methylcyclopentane 

xii)  Ethylcyclohexane : 

xiii) -ethyl-2-methylcyclopentane 

xiv oti ntane 
) LLJ2-trimethylcyclope roflowins сой 


1) 3-hexene 

П) 2,3-heptadiene 

Ш) ^ Hepta-2,4-diyne 

iV)  13-dimethylcyclohexane 

SAINT 
Picric acid 
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).29. Give the IUPAC names of the following compounds: 

i) CH4CH;CH; 

i) CH4(CH5; CH; 

ii) ^ CH4CH(CH3) 

iv) (CH3)3CCH,CH; 

v) CH4CH(CH3)CH;CH; 

vi) CH4—CH—CH? 

vii) ^ CH;—CH—CH-—CH, 
Er au 

СН; 
H;C— CH; 


viil) 


à CH,—CH—CH—C——CH—CH; 
x) CH;—C==C—CH; 
xi)  CH3;—C==C—CH,—C==CH 
xii) CH==C——CH—CH, 
Cl 


xiii) 


xiv) 


Br | 
Cl | 
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NO, 
xvi) 


COOH 


rus c: di 


SO3H 


xviii) 


d 
- O79 
oe 


XX) 
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17.1 Alkyl Halides | 
17.2 Organometallic Compounds (Grignard's Reagents) 
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17.1 Alkyl Halides 
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v. IUPAC system of nomenclature, haloalkanes. They are classified as primary (1°), 


“ondary (2°) or tertiary (3°) alkyl halides depending upon whether the halogen atom 
P directly bonded to primary, secondary or tertiary carbon atom. 


Primary Carbon 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


H Secondary Carbon 


H R Tertiary Carbon 
Es E p2 
R—C—X — R—C—X 
| | 
Primary Secondary Tertiary 
Alkyl Halide Alkyl Halide Alkyl Halide 


Their general formula is C;H»,., X, where X = Е, Cl, Br, or I. 


17.1.1 Nomenclature of Alkyl Halides > 
There are two systems for naming alkyl halides that is common system and 


NS 


IUPAC system. 
17.1.1.1 Common System 


L p 
WV » 


Cri 
~ XN 


` The common names of alkyl halides are two word names. Common names are 
constructed by naming the alkyl group first and. then-the-halide as fluoride, chloride, 


are: 


CCl, 
Carbon tetrachloride 
CHEE 
Methylene chloride 


2 1 4 
CH,— GI; —F < 
Ethyl fluoride -.. 
^ C» 
Cl S 


3 ›| | 1 
CH,—CH — ЄН; 


| Isopropyl chloride 
11.1.2 TUPAC System 


In this system; alkyl 'halides- are. cons! 


to : 
] WSPOnding alkane and are namec 
| “Sare one-word names. The rules 


bromide and jodide. These names аге useful only for simple alkyl halides. Examples 


= CHC 
Chloroform 
СНз СЇ 
Methyl chloride 
3 2 1 н 
СН, CH;— CH; —l 
n-Propyl iodide 
I" т | | : 
_ (CH3)3CBr 
Text butyl bromide - row? e і 
dered as halogen derivatives of 
= nes. The IUPAC names of alkyl 
for naming alkyl halides are: аа 
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Step 1: Select the longest continuous chain of carbon atoms containing the haloge 
atom. 
Step 2: Number the carbon chain from that end which is nearer to halogen atom. 


Step 3: Name the halogen atoms as fluoro, chloro, bromo or iodo and all othe 


substituents. 
Step 4: Indicate the position of halogen atoms and other substituents by the number 
of carbon atoms to which they are bonded. 
Step 5: When two or more different substituents are present, then they are named 
alphabetically. 
Examples are: 

CHa Clie: CH4—CH;—F 


Chloromethane Fluoro ethane 
Br 
3 2 1 1 2 3 
CH4—CH;— CH;—1 CU Ac 0 
1-Iodopropane CH; 


2-Bromo -2-methyl propane 


Cl Cl 
| 2 3| ер 
а= С 61 ВС==-СН==6Н=Е= CH; 
СІ | Вг 


Tetrachloromethane 2-Bromo -3-chlorobutane 
r Н; 


n 6 5 4 3 2 1 
5 4 3 2 1 CH4—CH —CH;—CH-—CH— CH; 
CH4,—CH——CIb-—CH-— CH 
Cl 

Br  24-Dibromopentane - 3-Bromo -5«hloro-2-methylhexane 
e с | 
1 2 3 
CH4—CH —CH3 
2-Chloro propane 
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11 2 Physical Properties of Alkyl Halides 

^. Lower alkyl halides such as СН;СІ, СН,Вг, CH;F and СН.СНСІ are gases at 

room temperature. The alkyl halides up to Cig are colourless liquids and those 

further than C;s are colourless solids. 

They are practically insoluble in water because they do not form hydrogen 

bonds with water. They are readily soluble in organic solvents. 

ij) Fora given halogen atom, the boiling points of alkyl halides increase with 
increase in the size (or mass) of the alkyl group. 

jy) Fora given alkyl group, the boiling points of alkyl halides are іп the order: RI > 
RBr > RC] > RF 

y) Fora given halogen atom, the density of alkyl halides decrease with increase in 
the size (or mass) of the alkyl group. 


17113 Structure of Alkyl Halides | 

| Let us consider the example of simple alkyl halide (i,& methyl chloride). The 
carbon atom to which the halogen is bonded is sp hybridized: The halogen (chlorine) 
atom has one half-filled p orbital. The carbon-halogen“o-bond is formed by head to 
head overlap of one sp' hybrid orbital of carboncand one half-filled p orbital of 
halogen atom. The carbon-hydrogen o-bond is formed by head to head overlap of one 
sp hybrid orbital of carbon and half-filled s orbital of hydrogen atom. 


1) 


з 
; 


Е N 109.5° 


| The HCH and НСХ bond angles are nearly 109.5°. The arrangement of 
toms or groups around the carbon atom is usually tetrahedral. 
1714 Preparation of Alkyl Halides — 

Alkyl halides'are prepared by the methods given below: 


1.1.41 Reaction of Alcohols with Hydrogen Halides А 
Alkyl halides are prepared by the reaction of alcohol with hydrogen halides in 


° Presence of dehydrating agent such as anhydrous ZnCh. 


CH;CH,OH + HCI 290: СНСН:СІ + H20 
alides is: HI > HBr > НСІ 


The ae drogen h 
order of reactivity of hydrog dea er 


eu order of reactivity of alcohols is: 
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17.1.4.2 Reaction of Alcohols wit 1 other ЗЕМ Rhe Agent 


(SOCh, PX) 
Reaction of Alcohols with Thionyl Halides 
Alkyl halides are prepared by heating alcohols with thionyl halides in the 


presence of pyridine. 


CH,CHOH + soch —“““ СН;СН,СІ + SO) + НСІ 


This is the best method for ће preparation of alkyl halides because both the 
products (SO; and НСІ) are in gaseous state and can be removed easily. 
Reaction of Alcohols with Phosphorus Halides (PX3) 
Alkyl halides are prepared by the reaction of alcohols with phosphorous 
halides. 
3 CH3CH,0OH ur PCl; 


3 CH3CH;CI + ‘H;PO; 


17.1.4.3 Radical Halogenation of Alkanes 

Alkyl halides are prepared by the reaction of alkanes with halogens in the 
presence of diffused sun light or UV light. 
UV Light 


CHCH ES Gb CH3CH,Cl + НСІ 


This is not a good method for-the preparation of alkyl halides because the 
halogen derivatives containing two or more halogen atoms are also formed along with 
alkyl halides. 


17.1.5 Reactivity of Alkyl Halides 
Alkyl halides аге very reactive compounds. The extent of reactivity depends 


upon two factors: (i) bond polarity of о ш. bond (ii) bond energy of 
carbon-halogen bond. 


17.1.5.1 Bond Polarity of Carbon-Halogen Bond 

The halogen atom in alkyl halides is more electronegative than carbo? 
Because of this, the molecule of alkyl halide is polarized due to the greate" 
electronegativity of halogens as compared to carbon. Greater the electronegativily 
difference (AEN) of carbon and halogen atoms, greater would be the polarity of СХ 


bond. Greater the polarity, greater would be the bond strength and lesser would be the 


reactivity of RX. 
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Table 17.1: Dipole Moment of Halomethanes 
Electronegativity of EN Difference 


Dipole moment 


Halogen between C and X (in Debye unit) 
3.98 3.98—2.50 = 1.48 
3.00 3.00-2.50 = 0.50 
2.96-2.50 = 0.46 


2.56-2.50 = 0.06 


171.1.5.2 Bond Energy of Carbon-Halogen Bond NX 
Bond energy is the measure of bond strength. Greater the bond ейегру, greater 
would be the bond strength and lesser would be the reactivity of C—X bond. 


Table 17.2: Bond Energy of C—X Bonds 
Bond Energy (kJ/móby ^ 
467 „О 


The order of reactivity of alkyl halides is: RI > RBr > RCI > RF 


= Nucleophilic Substitution Reactions 

1.6.1 General Introduction 

| E reactions in which an electron rich nucleophile replaces another 

| inte (leaving group) to form a new molecule are called nucleophilic 
Ion reactions or SN-reactions. 


p 


рМ 
С\- 


Мы” «RC ch x9 


R- CSN == 


Attackin "Substituted ^ Leavi 
g Substrate ; vng 
"Cophile molecule | product group 
I ma In nucleophilic substitution reactions, the nucleophile is always Lewis base and 
tng Neutral or negatively charged. The substrate is frequently an alkyl halide 
L.C Ue eav; g y g : B Ў 
КО ag ving group is a halide ion. The partial positive carbon atom of alkyl halides 
аш Slectrophile and has ability to accept a рап ME ftom attacking 


= x pm 
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nucleophile. In this way, a new bond is Pocmed between the Acta pile and carbon of 


alkyl halide. 
The Sy reactions occur by $41 mechanis 
17.1.6.2 Important Concepts 
Carbocations and Their Stability | 
Carbocations are very reactive unstable electron deficient. species. Anything 
which donates electron density to the electron deficient centre will help to stabilize 


m or by $2 mechanism. 


them. = 
Alkyl groups are weak electron donating groups and thus stabilize nearby 


carbocations. In general, more substituted carbocations are more stable. This means 
that tertiary carbocations are more stable than secondary which in turn-are more stable 
than primary. In other words, tertiary carbocations are the most stable and the methyl 
carbocation is the least stable. The overall order of stability is given below: 


с сорчу оз чс? Е СА 
regu нарад с ee а 
CH; : 
Tertiary Secondary | Primary Methyl 
carbocation carbocation carbocation carbocation 


Nucleophile and Base | 

Both nucleophiles and Lewis.bases are electron pair donor species. Then what 
is the difference between a nucleophile and a base? | 

Base is a specie that donates an electron pair to hydrogen (a proton) and 
nucleophile is a specie that-donates an electron pair to an atom other than hydrogen 
particularly carbon atom; A nucleophile can also be called a base when this donation 
happens towards a hydrogen ion (a proton). For example, the hydroxide ion acts as å 
nucleophile in the substitution reaction because it donates electrons to carbon but ! 
acts as a base in the elimination reaction because it donates electrons to hydrogen. 
Table 17.3: Some Common Nucleophiles and their Nucleophilicity | 


. Reactivity Class Nucleophile 


[Reaves 


Good nucleophile Вг”, НОГ, КОТ, СМ "mecs Й 


Weak nucleophile 
Very weak nucleophile 
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and Leaving Group 


rate 
ч pstra : 
SU the substrate i bec as: the carbon containing compound on which 
stitution takes place. t is the reactant to which the nucleophile became bonded and 
as" nich the leaving groups departed. 


The leaving groups may be defined as: the species that depart from substrate 
air of electrons with them. Consider the reaction of alkyl halide with 


pd take 2 p 
ide ion. 
yydrox 
p ` Г | 
y ien zu r= бё oe хе 
HO: | wv. ecl ie TX 
H 
Attacking Substrate Substítuted Leaving 
nucleophile molecule product group 


In this reaction, the alkyl halide is a substrate molecule and halide ion is a 
kaving group. The bond between carbon and leaving group.is polar because the 
kaving group is more electronegative than carbon. The leaving group has partial 
negative charge and the carbon has partial positive charge. Thus the carbon acts as an 
dectrophile and is reactive towards nucleophile. 

Table 17.4: Some Common Leaviiig Groups 
~N Leaving Group 


Good leaving groups Г;Вг ,Cl , ЊО 
Te Л —— 


Very poor leaving groups , 
become the most stable ions after they 


The best leavi are those that 
nd The best [ea is are weakly basic molecules or ions. For example, 
ide ions are weak bases and are therefore good leaving groups. Conversely, the 
leaving groups are those that become the unstable ions after they depart. The 
faving groups are strongly basic molecules or ions. For example, hydroxide and 


йл ions are strong bases and are poor leaving groups. 


46,3 $ 

nt Mee * e , slr 
m Ved Stands for unimolecular. Unimolecular me. de freaking" Cone 
| nd making with the 


Ween toa the rate-determining step. IP Шш leted before bo | 
\ arbon and the leaving group is fully COR ls 
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nucleophile starts. Consider the reaction of f 


р ТРАЕ ps. 

eaction occurs in two step: = anar c: * c a lens: 
Step 1: The rert-alkyl halide ionizes to produce a planar carbocation and a leavin, 
М : C Feru) 


group. В 
К | 
N D 67 Slow step ct 4 :Xx- 
v1 VA Polar Solvent $ V 
: R R R 
Substrate Carbocation Leaving 
molecule group 


The tertiary carbocation is stable due to the presence of threé”electron donating 
alkyl groups. The order of Stability of carbocation is as: 

3° carbocation > 2° carbocation > 1° carbocation > CH} 

This step of reaction is the rate determining step. Since this step involves the 
breakage of covalent bond so it is a slow step. ? 


Step 2: The nucleophile attacks the planar carbocation to produce tert. alkyl product. 
mbination of Cations and anions, so it is fast. 


Since the second step involves the co 


fees | O° / 
Nu; + A ——Ма. Mc, 
ў = "t 
R R | 2N, \ 
Kinetic Evidence L 
The rate law for the reaetion is: 
Rate = k[R;CX] 
Where 'K' is the rate constant, 
The rate of reaction de 
fert.alkyl halidé ‘but it does ae Only on the Concentration of the substrate, 
Doubling 


Positive] 
one pure p orbital wit ee s r чанар intermediate is sp’ hybridized and he 

© three substituent's bonded iti harg 
to positively c 


carbon are ір the same 

plane. The empt idized i p 

perpendicular to the plane of molecule with Ss ааа $ ee? pe. 
аам m Оп. of the plane. “ 


. 


EU WIN 
T ———— 
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>c 
б V 
R 


In the second step of the Syl mechanism, the nucleophile can attack the 
carbocation from either side of the plane, therefore some of the product has retained 
configuration (the same configuration as the reacting alkyl halide) and some has 
inverted configuration. 


Nu: 
E 
R 
|+ 
S 
R OR 
Fast Fast *h k 
R R 
“С Ми Nu—-C., 
RV | \ “к 
R R 
Retention of Inversion of 
configuration configuration 


When complete inversion of configuration is observed in a substitution 
reaction, we realize that the mechanism is Sx2 but not Syl. 


17.1.6.4 S42 Mechanisin 
In the designation Sy2 “S” 
and “2” stands for bimolecular. Bimolecu 


halide and nucleophile) are involved in the rate-de 
the br eaking of bond between carbon and the leaving group as well as the formation 
О bond between 3 nucleophile and an electrophile occur simultaneously. Consider the 


“action of primaryalkyl halide with nucleophile. The reaction occurs in one step. 


stands for substitution, “№ stands for nucleophilic 
lar means that two molecules (both the alkyl 
-determining step. In this mechanism, 


H H H 
> г с 
Nu^ + NSt 87 Slowstep „ 8, ..--¢----K ——™ Ми С, + IX 
" н“ Non -polar Р $ |S > z y R 
aUe MEME ЕЕ Substitution ^ Leavi 
iti on aving 
Nucleophile Substrate Transition State ене со 


molecule 
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| In transition state, the bond to the nucleophile is partially formed, and the bond 
to the leaving group (halide) is partially broken. The transition state has very short- 
lived existence. 
This is slow step and rate dete 
ed in rate determining step, 


rmining or controlling step of reaction. Since two 
molecules are involv hence it is called bimolecular 


reaction. 


Kinetic Evidence 


The rate law for the reaction iS: 


Rate oc [RH;CX][Nu:] 
Rate = K[RH;CX ][Nu:] 


The rate of reaction depends on the concentration 
halide) and the nucleophile, meaning that both reactants<are involved in the rate 
determining step. The changes in the concentrations of both the reactants affect the 
rate of reaction. When the concentration of either reactants is doubled, the rate should 
be doubled. When the concentration of both the.reactants is doubled, the rate should 
be quadruples. The reaction is therefore first-order in each of the reactants and second 


s of both the substrate (alkyl 


orders overall. 


Stereochemical Evidence 
In primary alkyl halides, thé-electrophilic carbon 
is bonded with one alkyl group and two small hydrogen 
atoms. These two hydrogen) atoms do not show steric [— 7 A 
hindrance due to smaller size and give way to attacking i M eife. ее ри 
nucleophile to attack on electrophilic carbon from back reactions only. 
side of leaving group. The nucleophile cannot attack on |° Tertiary alkyl halides 
electrophilic carbon atom from front side of the leaving |, qug Syl reaction 
group. We may say that the leaving group blocks thé | ^ undergo oh $1 and Sy? 
approach of the nucleophile to the front side of the reactions depending on the 
molecule. When the nucleophile makes a bond and the nature of the solvent 
leaving group (halide) departs, the substrate carbon goes е лорго de 
through inversion. The configuration of the product j 
obtained is inverted comparative to the configuration of 
the reactant alkyl halide. 
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Table 17.5:C К А 
Table 17.5:Comparison of Syl and Sy2 Mechanisms 


t is two-step mechanism. It is one-step mechanism. 


It is unimolecular reaction with first It is bimolecular reaction with second 
order kinetics. 


order kinetics. 
Reaction proceeds through the formation 
of transition state. 


Reaction proceeds through the formation 
of carbocation. 


Rate of reaction depends on the 
concentration of substrate (alkyl halide) 
and nucleophile. 


Rate oc [RX][Nu:] 


Rate of reaction depends on the 
concentration of substrate (alkyl halide) 


only. 
Rate oc [RX] 


Reactivity order for RX is: 
3°>2° > 1° > methyl | 
Methyl and primary alkyl halides fail to 
react. 


Reactivity order for RX is: 
methyl > 19.5.2? > 3° | 
Tertiary alkyl halides fail to react. 


Product has the inverted configuration 
relative to that of the reactant (alkyl 
halide). 


It is favoured by non-polar solvents. 


Products have both the retained and 
inverted configurations relative to that of 
the reactant (alkyl halide). 


lis favoured by polar solvents. 


It is favoured by stronger nucleophiles. 


lt is favoured by weaker nucleophiles. 


1717 1,2-Elimination Reactions 
V171 Overview 

In addition to Sy reactions, 

elimination reaction is a type © 


alkyl halides also undergo elimination reactions. 
f organic reaction in which two substituents are 


"Moved from two adjacent saturated carbon atoms of a substrate molecule. For 

| "ample. when an alkyl halide undergoes an elimination reaction, the halogen atom is 
"Moved from a-carbon and the hydrogen is removed from B-carbon. As a result of 
8, a double bond is formed between a-carbon and Baron Dee the product of 

| iminat; roton (hydrogen ion) and halide : 
| elimination reaction is an alkene. The removal of p (hydrog ) and halide 


, Q * 2 y 7 
Каша dehydrohalogenation ^ 
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eT e E 


ae p la 8" 


HO: + R—C— =f —> R—C—C—H+:X + HOH 
НЕН. | 

Ваѕе Substrate Elimination Leaving Water 
molecule product group 


The most common bases used in elimination reactions are HO , RO апа 


HN . There are two important mechanisms for elimination reactions viz. E2 and E] 
just like for Sy reactions: 


17.1.7.2 Е1 Mechanism (Unimolecular Elimination) 

In the designation El, “E? stands for elimination and "1" stands for 
unimolecular. Unimolecular means that only one molecules ‘involved in the rate- 
determining step. In this mechanism, the breaking of Бол Between carbon and the 
leaving group is fully completed before any reaction @eeurs with the base to lose a 
hydrogen. Consider the reaction of tert.alkyl halide wi 
two steps. ENS IEEE ge 


Step 1: The fert-butyl halide undergoes ionization to produce a planar carbocation 


li base. The reaction occurs in 


and a leaving group. The bond | reaks «twee - halogen atom and a-carbon atom. 
Сн: MMC RS EH; 
б 5 . Slow step j Е У 
сё уб = Slow ерү ie | 
H3C C CX Polar solvent xd H3C С + X 
CH3 M CH: 


This step of reaction is the rate determinin 
breakage of covalent bond so it is a slow step. 


Step 2: The base (НО?) removes a proton from one of the B-carbon and with the 
removal of halide ion, a new л-Бопа is formed between о and p 


н—0: + Нс С Fast step 


8 step. Since this step involves the 


-carbons. 


Kinetic Evidence 
: The rate law for the reaction is: 


Rate « (CH; CX] 
Rate = k{(CH3);CX] _ 
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Where 'К' is the rate constant. 


The rate of reaction depends only on the concentration of the substrate, tert- 


putyl halide but it does not depend on the concentration of the base. This rate equation 
is first order overall. 


1.1.7.5 E2 Mechanism (Bimolecular Elimination) 

In the designation E2, “E” stands for elimination and “2” stands for 
bimolecular. Bimolecular means that both the alkyl halide and base are involved in 
the rate-determining step. In this mechanism, the breaking of bond between carbon 
and the leaving group as well as the reaction with the base to lose a proton (hydrogen) 
occurs simultaneously. Consider the reaction of primary alkyl halide with<base. The 
reaction occurs in one step. 


E 
HO: + cHyS-c—x Fe «nue Cx Bie CHSC eu): + X: 


H—6----H н 


H H H H 
Base Primary alkyl halide Transition State Ethene (an alkene) 

In the transition state, the bond of base to one of the (hydrogen and the bond 
between œ and -carbon atoms are partially formed. On the other hand, the bond of /- 
hydrogen to carbon and the bond between a-carbon and leaving group is partially 
broken. 

This is slow step and rate determining or controlling step of reaction. Since two 
Molecules are involved in rate determining step, hence it is called bimolecular 
Faction. 


Kinetic Evidence | 
The rate law for the reaction 1s: 
Rate ос [RH;CX][OH] 

Rate = k{RHCX][OH] 
Where 'k' is the rate constant. 


The rate of reaction depends on the concentrations Keep in Mmd 


3 both the substrate (alkyl halide) and the base. zs o Primary alkyl halides undergo 
| ages in the concentrations of both the reactants affec 


actante ; be dou 
е о dis geubled. he iue uen doubled, the \ 
| Neentration of both the reactants Ру. therefore 
о Should be quadruples. The reaction. 15 Meir" 

id order. —— 
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us Elimination | 
n vers all bases are possible nucleophiles 


j ible bases and 
All nucleo hiles are poss! | ; 

H the ану part of both nucleophiles and bases is an unshared electron pair 
ence, | i A | 
Elimination reactions occur simultaneously with substitution reactions. There jg 
st stitution reactions. For example, the 


Ж БС daub 
always a competition between elimination an ons тре, 
н of cie ule (base) with an alkyl halide produce mixture of elimination 
(alkene) and substitution products. = * 


17.1.8 Substitutio 


Nucleophilic CH4—C NU EX 
Substitution 


H H 
H 


Nu: + СВ СК 


Elimination CH= CH, + Ne X 


H 


n occurs when nucleophile attacks on a-carbon. If 


elimination reaction occurs. The ratio of products 


f the substitution and elimination reactions. The 
y the following 


Substitution reactio 
nucleophile attacks on D-hydrogen, 
formed depends on the relative rates o 
relative rates of elimination and substitution reactions are affected b 


factors: . 


i) Nature of Solvent | | 
Polar solvents favour substitution reactions while non-polar solvents favour 


elimination reactions. In aqueous medium (more polar solvent), the main reaction W 
be substitution and elimination will be a side reaction. In alcoholic medium (less pola! 
solvent), the main reaction will be elimination and substitution will be a side reaction 


ii) Nature of base 
l Strong bases favour elimination reactions. In the presence of strong base, the 
main reaction will be elimination and substitution reaction will be a side reaction. 


iii) Effect of Temperature 


An increase in temperature will favour elimination than substitution. 


iv) Nature of Substrate 


Crowding within the substrate favours elimination over substitution. 
v) Nature of Alkyl Halide 3i 
a (ua о чк favour mainly substitution reactions while tertiary alky! | 
es mainly favour elimination reactions. Secondary: А ur | 
Ы substitution апа elimination. ndary:alkyl halides favo | 
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Alkyl Halides as Precursors 


A compound that participates in a chemical reaction and produces another compound is 
called precursor. Alkyl halides are, therefore, act as precursors and produce many other 
organic chemicals in the lab such as thiols, Grignard reagents and dialkyl disulphides. 

i) Alkyl halides react with an excess of KOH and H5S to produce thiols. 

R—X + KOH + HS ———- R—SH + HjO + KX 

ii) Alkyl halides react with magnesium metal in the presence of pure diethyl ether 
in the absence of moisture, СО», or О, to produce Grignard reagents. 

R—X + Мы е p ы б 


Grignard's reagents react with other chemicals to form a variety of valuable 
compounds. 


iii) Alkyl halides react with thiourea in the presence of carbon tetrachloride and 
triethyl amine (Et3N) at qe in about 12 hours to produce dialkyl disulphides. 


l sca 
Roco] NED a NS RET 


Dialkyl disulphide is used to make other chemicals. 


R——S—SR 


17.2 Organometallic Compounds 
Compound that has a metal-carbon bond are called organometallic compounds. 
For example, alkyl magnesium halides (RMgX) are organometallic compounds 
because they have metal carbon: bonds. Alkyl magnesium halides are also known as 
Grignard reagents. They are named after French Chemist Victor Grignard, who 
discovered them in 1900;2апа got Noble Prize in 1912. The Grignard reagents are 
_\5ей ‘in the preparations of alkanes, alkenes, alcohols, aldehydes, ketones and 
| carboxylic acids. Their general formula is RMgX. Where ‘R’ is an alkyl or aryl group 
| and “X is chlorine; bromine or iodine. 


1721 Preparation of Grignard Reagents 

Grignard reagents are prepared in the laboratory by the reaction of an alkyl or 
ЧУ halides with magnesium metal in the presence of pure diethyl ether in the absence 
of Moisture, СО», or О. 

R—x + Mg 2 = RMg 
~ CH; |—Cl* Mg une „СНз — MgCl 
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17.22 Reactivity of Grignard Reagents 

Grignard reagents are highly reactive com 
polar carbo ) 
electronegative than magnesium. Henc 
magnesium has partial positive charge. 

= 24 

R—Mg—X | 

The partial negative charge of carbon makes the alkyl group highly reactive 
towards electrophile and acts as a source of nucleophile. 


is as: 

RI » RBr » RCI | 

Alkyl iodide is more reactive than alkyl bromide which 1n turn is more reactive 
than alkyl chloride. | , 

The order of reactivity for the given halogen with various alkyl groups to 
magnesium is as: 

CH:X »C HO >CHX —— 

Methyl halide is more reactive than ethyl-halide which in turn is more reactive 
than propyl halide. "à 


17.2.3 Reactions of Grignard Reagents 
Grignard reagents react with organic and inorganic compounds to form 4 


variety of valuable compounds. * 


17.2.3.1 Reactions with Aldehydes and Ketones 

Grignard reagents react with formaldeh 
on acid hydrolysis form primary alcohols. 
length of carbon chain. 


уде to produce addition products. which 
This reaction can be used to increase the 


— T : 

я OMgCI | OH 
! „+ 

Hc. ён, ва cutn ics im 


——— ———» H—C—H 
-Mg(OH)CI | 
Formaldehyde CH; СН» 
Addition Product Ethyl alcohol 
(1° alcohol) 


2 Grignard reagents react with al 
addition products Which on acid hydrolysis form Secondary alcohol 
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dehydes other than formaldehyde to produc? 


pounds due to the presence of high | 


n-magnesium bond. In alkyl magnesium halide, carbon iS mote | 
e, carbon has partial negative charge ang 


The order of reactivity for various halides with same alkyl group to magnesium · 
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Qo” jM 
|l. OMgCl OH 
| st ӧ ðt + 
NM —C—H + CH,—MsCI — сисон DOHE eet 
E I C HORIS E 
CH; СН; 
Acetal dehyde Addition Product Isopropyl alcohol 
; (2° alcohol) 


Grignard reagents react with ketones to produce addition products which on 
acid hydrolysis form tertiary alcohols. 


— + 
R OMgCI OH 


; т : 
сн E ais CH,— Meci e CH, co = 


| ey 3 —Mg(OH)CI EE 


| CH; CH; 
| Acetone Addition Product tert.butyl alcohol 
(3? alcohol) 


17.2.3.2 Reactions with Esters 

It involves two steps: 

Step 1: Ethyl formate reacts with Grignard's reagent to produce an unstable 
intermediate that expels an alkoxide ion in the ester to produce an aldehyde. 


— + м Я 
os e i 
| öt M | 
| H—C—OCjH;* CH;— MgCl —- AE CMEOCHjCP- H-—C-— CFI 
CH; 


Ethyl formate Unstable Acetaldchyde 
intermediate 


So: : The acetaldehyde reacts with a second molecule of the Grignard's reagent to 
Produce an unstable intermediate which on acid hydrolysis forms secondary alcohol. 


| 


l 


EU gm |" 

`+ m H30/H* SS 

CH, C—H + Сн, Мес —> СН; С—— Н "Mg(OH)CI Стен 
СН; CH; 


Acetaldehyde Unstable. Isopropyl alcohol 
intermediate _ (2° alcohol) 


"ep in Mind 
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17.2.3.3 Reactions with CO; 
Grignard's reagent reacts with CO; to produce an unsta 
on acid hydrolysis forms carboxylic acids. | 


ble intermediate whig 


ОМС! үн 
à. 85 à. NN — = FROM™ a — 
D—-6C—0 + CH,— MgCl Apu Ems es -Mg(OH)CI | 0 | 
CH; CH; 
Carbon Methyl magnesium Unstable Acetic acid 
intermediate 


Dioxide chloride 


—————————————— 
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Organometallic Compounds in Medicines 
Organometallic compounds play an important role in medicines; mainly in cancer therapy. 
Salvarsan, the first important organometallic medicine, was discovered in 1908 and used as 
ananti-syphilis. 


Cisplatin is a chemotherapy drug and is highly effective in treating several cancers such as 
ovarian and testicular cancers. 
Carboplatin is used to treat ovarian cancer. 


Thimerosal has a trade name merthiolate and is used as preservative in vaccines, some 
cosmetics and eye drops as well as disinfectant in pharmaceuticals. · 


Merbromin (marketed as mercutochrome) is used as a weak antiseptic for treating minor 
cuts, bedsores and abrasions. 


Ferroquine is the next generation drug and has a good antimalarial activity. 
Vanadoceneacetylacetonate (VDacac) shows anti-HIV properties. 


Comparison bétween Haemoglobin and Chlorophyll 

e  Haemoglobin and chlorophyll both are pigments found in the organisms 

E : Ше) both have metallic element in the centre of molecule. | 

Dissimilarities between Haemoglobin and Chlorophyll 

e Chlorophyll has magnesiumat the centre of : 

* The chemical formula of chlorophyll is 
Cis; Has Na 1,05,,S,Fe,. 

e Chlorophyll is found іп the chloropla i in i i 
blood ofall vertebrates and some тез жашы ысы 

e Chlorophyll gives green colour to the leay 

*moglobin gives red colour to the blood 


SORE А, 


the moleculewhereas haemoglobin has iron. 
CssH7205N,Mg and that of haemoglobin is 


Ves, Seaweed, algae and vegetables whereas 
in the form of RBC. 


thes 


гым Pate 
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The main function for haemoglobin is to transport ox 
the body whereas the main function of chlorophyll 
and changes it into chemical energy by the proc 
considered as the factory of oxygen on earth. 


|t is important to note that no life is possible on our planet without chlorophyll. Because of 
his chlorophyll is also known as the blood of plants just like haemoglobin is the blood of the 
body. | 


173 Amines 


Amines are derivatives of ammonia in which one or more hydrogen atoms 
E been replaced by alkyl or aryl groups. Aminesare classified as primary, 
secondary and tertiary, depending on the number of alkyl groups bonded to the 
nitrogen atom. 

Primary amine has one alkyl group bonded to nitrogen atom. Secondary amine - 
nas two alkyl groups bonded to the nitrogen atom. Tertiary amine. has three alkyl 
:oups bonded to the nitrogen atom. | 


уреп from the lungs to various parts of 
is to absorb light energy from the sun 
ess of photosynthesis. Chlorophyll is 


NH; R—NH, R—NH NES 
N В |К 

К Е 
Ammonia Primary amine Secondary amine . Tertiary amine 


31 Nomenclature 


Common Names 
Their common names are obtained by adding the suffix amine to the name of 
kyl or aryl groups. The entire name is. written as one word. If there are two or more 
kyl or aryl groups, then the prefix dii-, or tri- is used before the name of alkyl or aryl 
ор, If there are two ог more different alkyl or aryl groups, then the names of alkyl 
&roups are arranged in alphabetical order. Examples are: 


CH,— NH, CH4—CH; —NH, CH;—CH,—NH—CH, ~ 
Methylamine < Ethylamine Ethylmethylamine | 
CH,—CH,—N-— CH .. СНз Ман ИЗ 

CH; CH, 
Ethyldimethylamine 
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IUPAC Names 


Amines are classified as primary, secondary or tertiary. 


Primary Amines 


The primary amines having more complex alkyl or aryl groups are general), 


named as alkanamines. Main points for naming amines are: 


i) 
ii) 
iii) 


iv) 


Select the longest continuous chain of carbon atoms containing amino group аџ 
name it. 

Their names are obtained by replacing the ending —e of parent alkanes by addin 
the suffix amine. ; 

Number the parent chain from that end which is nearer to the functional grow 
that is amino group. 

When another functional group is present in the compound, the amino group i 
generally listed as a substituent. 


Examples are: 


CH4——N Н, CH4— €H;— NH, 
Methanamine -£ Ethanamine 
| | NH; 
CH 4 $ 2 | 
à C Ch CH CH, 


d 2 


Я ОН 
2-Propanamine (у —.. 3-Amino-2-butanol 

| J 

СН; Qe j NH, 

ba fou i 
CH;— Сок МН; BCH5—6-———CH; 
4 AM | | 3 premi 
2-Methyl-2-butanamine 2,3-Dimethy]-2-pentanamine 


Secondaty and Tertiary Amines 


i) 


ii) 


iii) 


individually in alphabetical order. 


Main points for naming secondary and tertiary amines are: 

They are named as derivatives of primary amines. - 

The longest chain bonded to nitrogen atom is taken as parent chain. TK 
remaining alkyl groups are named as substituents. 

The locant N is used to designate the location of substituents bonded 1? ' 


.. hitrogen atom of amino group. 
iv) 


If the same alkyl groups appear more than once, then the prefix di or tri is » 
If the amines have two or three different alkyl groups, then designate the gro? 


D 
ne em vtm Ve rre D ire eh ^к 
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_ _ 


E The secondary amines are generally named as N-alkyl: кл amines. 


: 
| 
l 


yj) The tertiary amines are generally named as N,N-dialkyl:! «^ amines (when 
both alkyl groups are the same) or as N-alkyl-N-alkyl: amines (when both 
alkyl groups are different). 
Examples are: 


CH,— CH? — NH — CH3 CH;—CH,— Чи — CH4— CH, 
N-methylethanamine N-ethylethanamine 
СНЕ | mea ee CH4—CH;— | — CH — CH; 
N,N-dimethyli:ct 2namine N-ethyl-N-methyl-22»707»: amine 


17.3.2 Physical Properties of Amines 


ч m - This may be due to the increased basici 


Physical State i 
Lower amines are gases while higher amines with three or more carbon atoms 
are liquids and still higher ones are solids. 


Odour 

Methyl amine and ethyl amine have ammoniacal smell but higher amines have 
fishy smell. 
Boiling Points 

Amines are polar compounds. Polarity of amines is due to the presence of 
nitrogen atom. Both primary and' secondary amines form intermolecular hydrogen 
bonds, The hydrogen bonds in alcohols are much stronger than amines as the oxygen 
of alcohols is more electronegative than the nitrogen of amines. Amines have higher 
boiling points than corresponding hydrocarbons and lower boiling points than those of 
corresponding alcohols or carboxylic acids. Tertiary amines do not form hydrogen 

"ds with each other, therefore their boiling points are similar to those of the 


COrresbondin g alkanes. 


Solubility eased à : 
Lower amines are soluble in water due to formation of hydrogen bonds with 
Water molecules. However, the solubility of amines decreases. with increase in the size 


of alky] group (hydrophobic part). Higher members of amines are predominantly 


Е Soluble in water. Amines are more soluble in water than corresponding alcohols and 


ers ty of the amines. 


=. 
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Table 17.6: Physical Propertie. 
. Boiling Point 
( C) 


SERE AHMAD) 


MITC 


Molar Mass Solubility at 25 C 
Iv ‹ L ^ 


Propylamine 59.11 BEES а, 


Dimethylamine 45.08 le дк к Miscible 


in water 


Triethylamine 101.19 ЕГЕР, Slightly soluble 


- 17.3.3 Structure of Amines- 

The nitrogen atom present in amines is sp’ hybridized. The nitrogen atom has 
five electrons in the valence shell. It has three unpaired electrons and one lone pair of 
electrons. The three unpaired electrons form. sigma bonds with hydrogen atoms or 
carbon atoms of alkyl groups. According to VSEPR theory, molecules having three 
bond pairs and one lone pair give trigonal pyramidal shapes. Hence, the structure of 
amines is trigonal pyramidal. TheCNC angle in amines is less than 109.5°. The 
angles in amines is approximately 108°. | | 


Lov à 
R NR 
: "ics am 108° R 
17.3.4 Basicity of Amines ` 
| Amines are basic in nature due to the presence of lone pair of electrons on the 
pirogen atoni, Alkanamines are more basic than ammonia due to the presence 0 
| ese ar alkyl groups. Alkyl groups concentrate the electron density of 
eee eee make the lone pair of nitrogen more easily available for sharing 
. thus, the expected order of basici ines is: о ті 
dii Eris icity of amines is: > 3? alkylamines > | 
= es basicity of methylamine, dimethylamine and trimethylamin® 
n found to follow the expected order in gas phase. Conversely, they do n0 


тон 


NA ES 
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The larger the value of pK,, the smaller is the tendency to accept a proton from water. 
The basic strength of amines in aqueous solutions not only depends on electron 

«leasing effect of alkyl groups but also depends on steric effect and hydration effect. 
Due to high steric effect 3° alkylamine cannot donate electron to proton. 


173.5 Preparation of Amines 
Some of the methods for the preparation of amines are mentioned below: 


[7.3.5.1 Alkylation of Ammonia.by Alkyl Halides 

Alkyl halide reacts with aqueous or alcoholic solution of ammonia in a sealed 
tube on heating to produce primary, secondary and tertiary amines. This is a 
nucleophilic substitution reaction (Sy2 reaction). 

The process of cleavage of the carbon-halogen bond by ammonia molecule is 
known as ammonolysis. 

NH, + CHI = СН,МН, + HI 

CH43NH; + CHj4l ә  (CH3j4NH + HE 

(CH3),.NH + CHI = (CH;)3,N +H 

IOR 
(CH3);N + СНІ — — —* [(CH3),Njf 
Primary amine is the major product when ammonia is present in excess. 


Conversely, tertiary amine is the major product when alkyl halide is present in excess. 
The resulting salt (methylammonium.iodide) on treatment with a base 


(generates amines. 
KCHj4N]I + NaOH ———— (CH3N + Nal + CHOH 
1.3.5.2 Reduction of Nitrogen containing Functional Groups 
- J Amines are obtained by the reduction of nitrogen containing functional groups 
"Ich as nitriles, nitro compounds and amides. 


7352.1 Reductionsof Nitriles — 
Nitriles are redüced to primary amines by 


CH,CN * 4[H] BLA. „ CH CH,NH2 


LiAIH, or catalytic hydrogenation. 


Methyl cyanide , Ethylamine 

CH,CN + 2H, Mi  CHQCH2NB? 
Methylcyanide . Ethylamine Aie 
This method is used for increasing the length of carbon ciam, 


173 | 
522 Reductiomof Nitro Compounds — . AH 

Hy, Nitro Жошуа, ai reduced to primary amines HH or Zn/HCI or 

ING or HPt. is 


ч . - Ss lee SNE es 
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CH4NO; ne | 
Nitromethane Methylamine 
CH,NO,* 3H, -—— CHjNH; + 2Н;0 

17.3.5.2.3 Reduction of Amides 


Amides are reduced to primary amines by LiAIH;. 


CH;—C—NH, + 4[H] ————- CH,CH;NH; + H,O 
Acetamide Ethylamine 
17.3.6 Reactivity of Amines 
Amines can act both as bases and nucleophiles. The main reactions of amines 
are due to the presence of a lone pair of electrons on nittogen atom. These electrons 
attack the electron deficient centres (positive or Slightly positive parts) of other 
molecules. 


17.3.7 Reaction of Amines | 
17.3.7.4 Overview - 
The important organic reactions об amines as nucleophiles are: 

i) Amines are alkylated by alkyl halides through nucleophilic substitution. 

i) ^ Amines reacts with alkyl halides through nucleophilic substitution to form 2 
mixture of products. 

Ш) Amines reacts with acid halides (or acid anhydrides) through nucleophilic acy! 
substitution to form substituted amides. 


iv) Pont can also act as bases and react with nitrous acid to from diazonium 
ts 


O R 

M 

= R—C—N—H + НСІ 

Е [в—м==м]с! + 2H;0 


. Asa HNO, + НСІ 
Base MT ————— 


Scanned with CamScanner 


pu MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


73.7.2 Alkylation of Amines by Alkyl Halides 
4 Amines react with primary alkyl halides to form alkylated ammonium halides. 


CH;— NH; + CH4CH;Br ——> CH;—NH—CH,CH; + HBr 


1° Amine | 2° Атіпе 
| CH,CH, 
CH;—NH—CH,CH; + CH,;CH,Br —» CH,;—N СН,СН; + НВг 
2° Атіпе 3° Атіпе 
CH,),CH, CH,CH; 


СНз — N——CH,CH, + CH4CH3Br — - [CH;—N—— CHCH] Br 


3? Amine Quaternay 


sat СН:СН; 
13.3 Reaction of Amines with Aldehydes and Ketones | 
Aldehydes react with primary amines to form carbinolamine that dehydrates to 
produce aldimines (Schiff' s bases). 


ees Py) a! 
CH4CH;NH, + CIBC ——H — Te CHICH МЕСЕЕН 
1° Amine Aldehyde i Carbinolamine CH; Й 


Н OH 


Heat ы: il —Nrizm('— H^ 
CH,CH, —N—€C-—-H aS CH Ch NH 50 
Aldimine 


C . . а 

arbinolamine CH; | CH; 
Ketones Bur with primary amines to form carbinolamine that dehydrates to 

| Moduce ketimines (Schiff’s bases). 
О 5 OH 

CHC | > ‘CH,CH,—_N—C— CH, 

CH3,CH,NH, + С—С 
аве ЫЗ Carbinolamine 


1° Amine Ketone CH; 
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CH4CH; —N—C—CH; Heat „ CH;—CH5 —N—C—CH, + Н,0 
bern | Ketimine 
Carbinolamine GH, CH, 


17.3.7.4 Preparation of Amides с | 
Amines attack the. carbonyl group of an acid chloride such as an aldehyde o 


ketone and form amides. A base such as NaOH or pyridine is used to neutralize the 
НСІ produced. 


CH4CH;NH; + CH,C— C1 —OH & CH,C—-NH>—CH,CH; + HCI 
Ethylamine ^ Ethanoyl Chloride Ethylethanamide 
NaOH + HCl — ——» NaCl + H,O 
17.3.7.5 Preparation of Diazonium Salts 
Amines react with nitrous acid to produce diazonium salts. 
R—NH, + HNO, + HCL —=2 > IR—N==NIC1 + 2H,0 


The diazonium salts are highly unstable. They decompose spontaneously by 


losing nitrogen to. give carbocations. The carbocations change into mixtures of 
alkenes, alcohols and alkyl halides. i 


; + = + t , 
[R—N==n]Cl — >R + Cl + м, 
Alkenes + н” 


Alcohols + Н” 


апіс compounds containing а halogen atom covalent 


| € saturated carbon atoms of. They are 
known as haloal of an alkyl group. ey 
hale kanes. They are classified as primary, secondary or tertiary alky 


ile o! 


жы кос о Seu organic compounds. They undergo nucle 
| S and eliminati i i 
шч | mination reactions in the presence of nucleoP 
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a  Nucleophilic substitution reactions or Sy reactions are the reactions in which an 
electron rich nucleophile replaces another nucleophile to form a new molecule. 
In nucleophilic substitution reactions, the nucleophile is always Lewis base and 
it may be neutral or negatively charged. The substrate is frequently an alkyl 
halide and the leaving group is a halide ion. 

e Elimination reactions are type of Organic reactions in which two substituents are 
removed from two adjacent saturated carbon atoms of a substrate molecule: 
Elimination reactions occur simultaneously with substitution reactions. 

e Organometallic compounds are those compounds that contain metal-carbon 
bonds. Alkyl magnesium halides (RMgX) are organometallic compounds and 
are also known as Grignard reagents. The Grignard reagents are used in the 
preparations of alkanes, alkenes, alcohols, aldehydes, ketones-and carboxylic 
acids. Grignard reagents are highly reactive organic compounds. 

* Amines are derivatives of ammonia in which one or moré hydrogen atoms have 
been replaced by alkyl or aryl groups. Amines are classified as primary, 
secondary and tertiary. Amines can act both as bases'and nucleophiles. The main 
reactions of amines are due to the presence of à lone pair of electrons on 
nitrogen atom. 

*  Amines react with primary alkyl halides to form alkylated ammonium halides. 
They also react with aldehydes (or ketones) to form carbinolamine that 
dehydrates to produce aldimines (or ketimines). Primary amines react with 


nitrous acid to produce diazonium salts. | 


р 


| Multiple Choice Questions, 


Select one answer from the given choices for each question: 


i) RCH,X is thé general formula of: | | 
(a) Primary alkyl halide . (b) Secondary alkyl halide 


' (c) Tertiary alkyl halide (d) Aryl halide 
ii) . The formula of chloroform is: 
(a) CCL (b) CHCl, 
(c) СН,СІ, (d) CH3Cl 


ii) Тһе boiling point of alkyl halides are in the following order: 
(a) RI» ВСІ > RBr » RF (b) RI > RBr > RF > RCI 
(c) RI» RBr» RCI > RF (d) RF > RCI > КВг> RI 


iV . hich a nucleophile attacks is known as: 
) The alkyl halide on w | (b) Substrate 


(a) Reagent 
th t and | | 
(c) Electrophile (d). Both reagent and substrate Л 
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vi) 


vii) 


viii) 
ix) 


X) 


0.1 
0.2, 
ОЭ: 
Q.4. 
OD: 
0.6 
QT: 
Q.8 
Q.9. 
Q.10. 
QUITE 


| Grignard's reagents. 
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Alkyl halides are considered to be very reactive CSIP! | ey have: 


(а) an electrophilic carbon 


(bj A nucleophilic carbon 
ic; an electrophilic carbon and a good leaving group 


d) anucleophilic carbon and а good leaving group 
Which statement is correct about carbocations? 

(a) They are reactive species (b) They are stable species 
(c) They are electron rich species (d) They have filled orbitals 
Which statement is true about bases? | 

(a) They are electron pair acceptor species. 

(bj They can accept electrons from hydrogen 

(c) Their strength is measured by rate constant _ 

(dj Their strength is measured by base dissociation constant 

In Syl reactions, the rate of reaction depends upon the concentration of: 


(a) One reactant molecule (b) Two reactant molecules 7 
(c) Nucleophile (d) Both nucleophile and electrophile 
The Sy2 reactions can be best performed with: —— 

(a) Primary alkyl halides - (b) Secondary alkyl halides 

(c) Tertiary alkyl halides (d) Atyl halide | 


Primary alcohol is obtained by the reaction of Grignard's reagent with: 
(a) Aldehydes other than formaldehyde (b) Acetone 
(c) Formaldehyde ) 74) Ethyl formate 


| Short Answer Questions 


What is the difference between a base and nucleophile? 
Can а good nucleophile be a strong base? — — 

Is iodine more nucleophilic than chlorine? 

What is a poor leaving group? 

The halogens are good leaving groups why? 

Why alkyl halides undergo nucleophilic 
What is the carbocation intermediate? 
Do Sy2 reactions have carbocation intermediates? 

Why is a tertiary carbocation more stable than a secondary? _ 
Why are organometallic compounds important? - xd 
What is the. general formula of Grignard reagent? Give two examples T Йй 


substitution reaction? 
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0.12. Write the general equation for the preparation of Grignard reagents. 
0.13. What type of solvents can be used in Grignard reactions? 

| Q4. “Why is ether a good solvent for Grignard reactions? 
0.15. Why is a Grignard reagent so reactive? 
Q.16. Is the carbon of Grignard's reagent electrophilic or nucleophilic? 
0.17 . Define secondary amine and give two examples. . 
0.18. Why do amines act as bases? 


0.19. Why aliphatic amines are more basic while aromatic amines are less basic than 
ammonia? . 


E Long Answer Questions | 


01. What are alkyl halides? Explain both the systems of nomenclature. of alkyl 
halides. 
Q2. Draw structures for the following compounds. 
1) Bromoethane 
ii) Dichlorodibromomethane 
iii) | 2-bromo-3-chloropentane 
iv) 1,1,2,2-tetrachloro-3, 4-difluorobéxade 
V) | 3-bromo-1-pentene | | 
(3. Give common and IUPAC names to the following compounds: 


i) CHI, 
i) CHCl; 
ii). CHI: 


iv) (CH;),CHCI 
у) (CH3)3;CBr | 
Q4. . Explain the structure and reactivity of alkyl halides: 
Q5. Write down three different methods for the preparation of alkyl halides. Which - 
one is the best method for the preparation of 151 halides? . 
: Write short note on the following: : | 
i) Carbocations and their stability 
i) ^ Nucleophile and base 
07 lii) ^ Substrate and leaving group т 6 ; seen, | 
Oe What is the difference between 51 and эм css UE 
" What are nucleophilic substitution reactions? Exp anism - 


| of nucleophilic substitution (Sw) reactions. | 
b t uc B-elimination reactions? PAPE the ies and pechanism of- 


ation reactions. 


e 
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Q.10. Discuss the factors that influence nucleophilic substitution and elimination 
reactions of alkyl halides. 

О.11. What are organometallic compounds? Discuss preparation and reactivity of 
Grignard's reagents. 

Q.12. Explain important reactions of Grignard's reagent. 

(0.13. What are amines? Explain nomenclature of amines. 

Q.14. Draw structures for the following compounds. 
i  2-Methyl-2-propanamine 
ii) — 3-Methyl-2-hexanamine 
iii) | N-Methylethanamine 
iv) | N-Ethyl-3-hexanamine 


y) N-Ethyl-N-methyl-2-butanamine 
С. Give common and IUPAC names to the following compounds: 
1) СН;МН, 


il) CH;CH;NH; 

ii) (CH;),NH 

iv) (СНз): 

V) (CH3),.NCH>CH; 
Q.16. Discuss the structure, b 
Q.17. Write down methods fo 
Q.18. Describe physical and 


asicity and reactivity of amines. 
or the preparation of amines. 
chemical wis of amines, 
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18.1 Alcohols 
18.2 Phenols 
18.3 Ethers 


Learning Outcomes: 


Students will be able to: 

« Explain nomenclature, structure and acidity of alcohols as exemplified by ethanol. 
(Understanding) 

• Describe the preparation of alcohols by reduction of aldehydes, ketones, carboxylic acids 
andesters. (Applying) D 

* Explain reactivity of alcohols. (Understanding) ; ; 

* Describe the chemistry of alcohols by preparation of ethers and esters, oxidative cleavage 
of 1,2-diols. (Applying) NS 

* Discuss thiols (RSH). (Understanding) MES 

* Explain the nomenclature, structure and acidity of phenols. (Applying) >. 

Describe the preparation of phenol from benzene sulphonic acid, chlorobenzene, acidic 

oxidation of cumene and hydrolysis of diazonium salts. (Applying). | 

* Discuss ће reactivity of phenol and their chemistry by electrophilic aromatic substitution 

reaction with Na metal and oxidation. (Applying) t | 

Differentiate between alcohol and phenol. (Under standing) 

Describe isomerism in alcohols and phenols. (Understanding) 


Identify ethers from their formula. (U nderstanding) 
Introduction | 

In this chapter, we will focus 
"tional groups contain one oxygen 


on those hydrocarbon derivatives whose 
atom participating in two single bonds 


һо, phenols and ethers). Alcohols, P 
"aining hydroxyl groups. They are very © 


" structures like water. Because of this, they ca 


said to be derivatives of water. 
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Alcohols and phenols both have hydroxyl (COH) groups 1n their structures, 


ivati hile phenols are hydroxyl! derivatives 
1 hvdroxyl derivatives of alkanes w | 
сш ты: CCS hos phenols and ethers) occur widely in nature. They have 
many pharmaceutical, biological and industrial applications. 


18.1 Alcohols | 

Alcohols are compounds іт which hydroxyl group (-OH) is bonded to 

saturated carbon atom. A saturated carbon atom is a carbon atom, which is bonded to 
four other carbon atoms. | 
Saturated Carbon 


Hydroxyl 
group 
On the basis of number of hydroxyl groups, alcohols are classified into two 
major types: Monohydric alcohols and polyhydric alcohols. 
. Monohydric alcohols have only one hydroxyl group in their molecules while 
polyhydric alcohol have two or more hydroxyl \groups in their molecules. Ethyl 
alcohol and tertiary butyl alcohol are examples of monohydric alcohols whereas 


| 


glycol and glycerol are examples of polyhydric alcohols. 


OH--OH.  . OH он он 
CH,CH,—OH С—С ' 'CH,—CH— CH, | 
Ethyl alcohol СИ | | 
(Monohydric alcohol) „з (Polyhydric alcohol) бел о 


Н Primary Carbon 


DE 
íi. NS 
; a Hy гоху] | | ; 


group. 


Primary alcohol. 


Hydroxy] 
- 7 5100р 73 
Secondary alcohol 


Hydroxyl 
5 group 
Tertiary alcohol 
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| 1.1 Nomenclature of Alcohols 
Alcohols are named by two systems: common system and IUPAC system. 


18 1.1.1 Common System 

The comm) names are obtained by adding the word alcohol after the name of 
шу! group. АП of the carbon atoms are named as a single alkyl group of the | 
molecule. We can say that, in this system, they are named as alkyl alcohols. | 
Examples are: 


CH4— OH CH4——CH;— OH CH4——CH;—CH;—OH 
Methyl alcohol Ethyl alcohol _ n-Propyl alcohol 
OH 


GIL CH= CH (CH3),,C— OH 
Isopropyl alcohol Tert.buty| alcohol А 
Common names exist generally for those alcohols.which have simple (C, to 
C4) alkyl groups. 
18.1.1.2 IUPAC System mE = | 
In this system, alcohols are considered as derivatives of alkanes in which one 


of the hydrogen atoms has been replaced “by hydóxyl group and are named as 
alkanols. The IUPAC names of alcohols are-one-word names. The rules for naming 


alcohols are: 
Step 1: Select the lon 
group. 
Step 2; Drop the final —e from the alkane name an 
name, 
Step 3: Number the carbon chain fro 
lle hydroxy group takes precedence over alkyl groups, 
tiple bonds while numbering the parent chain. i 
Step 4: Indicate the position of hydroxyl group and other substituents by the number 
ear ashi bonded. ihe | 
m ps to eu dis groups are present in a chain, then alcohols are 
amed as di S m Icohols containing two hydroxyl groups), triols (for alcohols 
containing aus к о о tetraols (for alcohols containing four hydroxyl 
пуаго ? | 
Soups | | | 
p v -< present in the structures of carbonyl compounds such 
: When hydroxy group 15 P za. and their derivatives, the preference in 


cids | 
up. The hydroxyl group is taken as a 


E 


gest continuous chain of carbon atoms containing the hydroxyl ` 


d add the suffix —ol to give the root 


m that end which.is nearer to hydroxyl group. 
halogen atoms, double and 
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side group in the carbonyl compounds. Use the Word: hydroxy МООН group and 


indicate the position of this group by the number of carbon to which it is bonded. 


Examples are: 


OH OH | ОН 
2 | 3 2 | 
Be CH,—C—H .. CH —CIb —C—H 
Hos H H 
Methanol Ethanol I-Propanol 
CH; OH zB ГОСЕЛ CH 0 
4 3 2 | | 3 | | 
CH;,—CH— —CH5-——CH, CH,—CH—-CH SCH, 
3-Methyl-1 -butanol 4-Bromo-3-Chloro-2-methyl-1 -butanol 
CH; 
| 4 or 6 
ү OH CH; CH; CH4—€-——CH; — CH; 
CH;—CH—CH—cH—<¢ Ne ee eee 
3 =; HO-—-CH—CH,—CH, 
3,4-dimethyl-2-pentanol . > 44-Dimethyl3-hexanol - 


OH Br. CH; 


OH 
ee c o 
CH,—CH— CH; —CH-—CH, = mem 
ž xX Cl | 
OH 24-Pegtfnedi | ! 
реңне 4-Bromo-2-chloro-5-methyl-3-hexanol 
{н M OH 
| Ы“ О 
СОНУ ОН ОНО = бз жасын 
00 CH;—CH—CH, Сн. 
4-Penten- 
enten-2-ol 3-Hydroxy butanal 
NH, О CH; H 
о EE 
_ CHy-CH—C— CH— Cu, бн (n 
3 
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jsomerism in Alcohols 
Alcohols with two or more carbon atoms 
= ethers. Thus alcohols and ethers h 


can show functional isomerism with 
ave same molecular formula but have different 
functional groups. For example, dimethyl ether is the functional isomer of ethyl 
= alcohol. 

CH,— CH; — OH CH;—O—CH, 

Ethyl alcohol Dimethyl ether — 

Alcohols with three or more carbon atoms can show position isomerism due to 
different position of hydroxyl groups. For example, 2-propanol is the position isomer 
of I-propanol. 


OH OH 
СНз —CH, —CH, CH= CH=CH: 
|-Propanol 2-Propanol 


12 Physical Properties of Alcohols 


Lower alcohols are colourless liquids. The higher members are colourless waxy 
solids. 

i) They have characteristic alcoholic smell and burning taste. 

iii) They are volatile and inflammable. 

iv) They have higher boiling ROG HS corresponding alkanes, ethers and 
haloalkanes. 

V) They are readily soluble in water И) tó Aur carbon atoms. Higher alcohols, from 
carbon five onwards, are insoluble in water. The solubility is due to the presence 
of the intermolecular hydrogen bonding in the molecules of alcohol and water. 
Solubility of alcohols in water decreases with increase in the size of the alkyl 

. groups and increases with increase in the branching of alkyl groups. 

M) They (esp. monohydric alcohols) are ligh 2: inan water. The density of methanol 
is 0.792 g/mL and:that of ethanol is 0)., 79 g/mL at 20°C. The density of water at 

181 20°C is 0.998 g/mL.- 

13 Struetür 
= oxygen = of an alcohol is sp? hybridized. and has four sp3 hybrid 

Orbitals, Two sp? hybrid orbitals of oxygeu atom form 6-bonds to atoms of carbon 

and hydrogen, and the remaining two sp? hybrid orbitals each contain a lone pair of 


Elect trons. 
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The COH bond angle in methanol is 108.9°. The carbon-oxygen bond length 
is 142 pm and the oxygen-hydrogen bond length is 96 pm. 


18.1.4 Acidity of Alcohols 

Alcohols are acidic in nature due to presence of polar O—H bond. Greater the 
polarity of -OH group, greater would be the acidity of alcohols. Primary alcohols are 
more acidic than secondary alcohols which in turn are more acidic than tertiary 
alcohols. The polarity of -OH group decreases by increase in the number of electron 
releasing groups, namely alkyl groups bonded to o-carbon. For example, tert-butyl 
alcohol is weaker acid than either methyl alcohol or ethyl alcohol. 

Alcohols are less acidic than water except methanol, which is more acidic than 
water. The acidity of ethanol is nearly equal to water. The alcohols having more than 
two carbon atoms are slightly weaker acids than water. 

18.1.5 Preparations of Alcohols 


The alcohols can be prepared by the methods giyen-below: 
18.1.5.1 Hydration of Alkenes 


Aikenes react with water in the presence of cold concentrated sulphuric acid to 


produce an alcohol. The predoniinant product of alcohol can be obtained by using 
Markovnikov's rule. 


oH 
R—CH—CH, + нон #209“ „ R— CH— CH; 


18.1.5.2 Hydrolysis of Alkyl Halides . 

Alkyl halides react with aqueous NaOH or KOH to produce alcohols. 

CH,—CH;x7Br + КОН 22» CH,— CH,— OH + KBr 
18.1.5.3 Reaction of RMgX with Aldehydes and Ketones 
Formation of: Primary Alcohol 

The reaction of formaldehyde with Gri 


nard reagent lowed by 
protonation in aqueous acid forms a primary ie кышы isiflo 


Ahol 


Же м. 
С" У | OH 
~ 5+ 
а! ше нсі > Hoy O Hosea 
| -Mg(OH)CI 
CH; CH; 
Addition Product Ьі: alcohol 


(1° alcohol) _ A 


Formaldehyde 
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Formation of Secondary Alcohol 
The reaction of aldehydes other th 


an formald i ; 
(RMgX) followed by protonation in uldehyde with Grignard reagent 


aqueous acid forms a secondary alcohol. 


er OM 
E OMgCl OH 
~ __сё нң + $ 3 M Н | 
СН; CH;— MgCl —> GH,—-c = CH4,—C— 
NC o : -Mg(OH)C| ~ 3 H 
Acetaldehyde ; ai CH; 
Addition Product Isopropyl alcohol 
(2° alcohol) 


Formation of Tertiary Alcohol 


The reaction of ketones wi i 
es with Grignard reagent (RMegX) f 
aa s follow 
protonation 1n aqueous acid forms a tertiary alsdhal. 5 (RMgX) ed by 
0ӧ- – + 
EIE 5 ОМС! он 
H ~ + 


MgO SAT а 


CH; СН; 
Addition Product tert butyl alcohol 


z E (3? alcohol) 
18.1.5.4 Reduction of Aldehydes and Ketones 
Metal hydrides such as NaBH, (sodium borohydride) or LiAIH, (lithium 


aluminiumhvdric hare Ale 
Ios ydride) reduce aldehydes to primary alcohols and ketones to secondary 


Acetone 


O 
| Nak l 
=e c CH;—CH,—OH 
Acetaldehyde / Ethyl alcohol 
O CH, 
CH,—C—S CH, a CH,—CH—O0H 
Acetone | Isopropyl alcohol 


EE reduction with NaBH, needs polar solvents such as water and ethyl 


8. 
Ё 1.5.5 Reaction of RMgX with Esters 


Or 
Tation of Secondary Alcohol 
ty А Ormate esters react with Grignard’s reagent to form aldehydes which reacts 
fis. Г With another molecule of Gri gnard's reagent to form secondary alcohols as a 


E Product. | | ! an EL DLE 7 м 
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Step 1: 


c ji 3 @ gCl il 


T B $7 | ; ; 
н Со -ов’' + СНз МЕСІ = H——C-—OR 


——————=- H——C-—cr 
a МОКУ Сен, 
СН; 
Formate ester Unstable Aldehyde 
intermediate 
Step 2 
— + 
ae OMgCI OH 
| || + en um H;O/H- ATE Shed. 
H—C——CH, + CH4—MgCl —> Н C— CH; MODA HS CCH 
CH, CH, 
Aldehyde Unstabie Secondary alcohol 


е intermediate 

Formation of Tertiary Alcohol 23 
Esters other than formate esters react with Grignard’s reagent to form ketones 

which reacts further with another molecule of Grignard's reagent to form tertiary 

alcohol as a final product. AM 

Step 1: с” 


se КЎ 
` | | 8* б 


See 
R—cC2—orR’ + CH,—AM$gCI— R—C 


—QOR’ ————__» R—C— CH; 
| LA =МЕ(ОКСІ 
= CH, 
Ester Unstabie Ketone 
intermediate 
Step2: < 3 
OR CMgCI js 
me] J- s SUE LETS 
R—C?— CH; + CH—MgCI—- R=—C—— CH, GERD R—C— H 
| em * -Mg(OHXCI | 
CH; CH; 
Gus Unstable Tertiary alcohol 
intermediate 


18.1.5.6 Reduction of Carboxylic Acids and Esters 


Carboxylic Acids and Esters are easily reduced by sirong reducing ? 
as LiAlHy. Both carboxylic acids and esters are reduced to alcohols. 
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O 
| es Ш ; 

CH,—C——0OH + 4[H] == == CH4—CH;—0H 49850 
| Acetic Acid Ethyl alcohol 
О 
CH4—C——OCH; + AH] A > CH;—CH;—0H + CH;—OH 
| Methyl acetate Ethyl alcohol  - Methyl alcohol 
| 


18.1.6 Reactivity of Alcohols 


Alcohols are reactive compounds. They act both as electrophiles and 
nucleophiles. They are attacked by polar or ionic reagents. This is for the reason that: 
i) Те carbon-oxygen (C—O) and hydrogeu-oxygen (O—H) bonds are polar due 

to presence of highly electronegative oxygen atom. | 
ji) The oxygen atom of alcohols is an electron rich centre. This is due to the 
presence of two lone pairs of electrons. | 


Tia 
rol. 
$ 76 


Alcohols react with other reagents in two ways: 
i) When nucleophile attacks on an alcohol, then its C—O bond breaks. - 


E . Nudeophile |. e + O—H 
li) When an electrophile attacks on an alcohol, then its O—H bond breaks. ET 


| | t 
——C——Q—H —Elecrophile „ ——C—O ж рЫ а 


The order of reactivity of alcohols when C—O a rm сн om Ed 2 = е z 4 
Terti Is > Secondary alcohols > Primary cohois ete ies 2 S ccu 


The order of reactivity of alcohols 
CH;OH > Primary alcohols > Secondary 


у aledhols > Tertiary alcohols — 
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Alcohols undergo a wide variety of conversions. The most common reactions 
of alcohols are as follows: | 
18.1.7.1 Reaction with Halogen Acids 

Alcohols react with halogen acids to form alkyl halides. 

R—OH + HX — —e R—X + Н,0 
For example: 


ОЕЕО НОЕ cn, сн, а * Ho 


НВг and HI react іп (ће same way but in the absence of catalyst. The reaction 
of alcohols with НСІ in the presence of ZnCl, is called Lucas test.This test is used to 


differentiate between primary, secondary and tertiary alcohols due to different speed 
of reactions. The order of reactivity for halogen acids is: 


HI > HBr > НСІ 


18.1.7.2 Reaction with SOCI, and PX, 
Reaction with SOCH 


Alcohols react with thionyl chloride, SOC}, in the presence of pyridine catalyst 
to form alkyl chloride. The hydroxyl group of alcohol is replaced by chlorine atom. 
R— ОН + SOCI, Pridie „ R= C] + S0, + HCI 
For example: 
CH,—CH,—OH-* SOC; Bim, Cp _ 
Reaction with PX, . 
Alcohols react with phosphorus trihalides (PX4) to form alkyl halides 
3R——OH + PX JR—X + H; PO; 
For example: „ 


CH,— C] + 50, + НСІ 


| 9 x 
3CH; —€E5— OH л PCl; ———> 3CH4—CH,— CI те HPO; 
18.1.7.3 Dehydration of Alcohols | 


The removal of water ! 
ox molecule fro ; in a 
reaction is called dehydration of = m adjacent carbon atoms of alcohol in * 
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Dehydration of Primary Alcohols 
Dehydration of primarv алс ; 

у of primary alcohols is the most difficult. It requires high 
temperature and strong acid. = 


ызга Conc. H5SO 
CH СН» — ae ja 
snes OH? monec Cel, TO 


Ethyl alcohol ed 
The excess of primary alcohol (ethyl alcohol) at low temperat're gives ether. 


Conc. H5SO 
2CH4—CH,— Lit 
| ӨН с = ОНУ ОН ООН HS *.H30 


Ethyl alcohol Diethyl ether 
Dehydration of Secondary Alcohols 


The secondary alcohols A T TA 
(100-140°C), s undergo dehydration at somewhat lower temperatures 


CH, 
Mh ees 75% HSO A. 
CH;— CH) —CH— Он 4 HSO CH; CH=CH сн. + Ho 


2-Butanol — 2-Вшепе 
Dehydration of Tertiary Alcohols | 


Tertiary alcohols generally undergo: Ы i 
go. dehydration at temperatur i 
above room temperature (25-80°С). 3 кыш 


ОН T 


| So 11,80 
CH; —C—— — CH; 7 p. E CH, —CH-—C———CH, Sp H,O 


CH; CH, 
| ?-Methyl-2-Propanol 2-Methyl- 1-propene 


1 ow 
817.4 Preparation of Esters 
x Alcohols react with carboxylic acids in the presence of conc. H;SO, catalyst to 

esters. The reaction between an alcohol and an acid t ae ша, 

“Sterification, | cid to form an ester is called 
O 
R | H S04 
‘>—C——OH + R—OH <== R—C—OR + но 
Carboxylic acid Alcohol An ester 


=e E 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


For example: | 
i O 
Н,80, | | 
ue ren + C4H,— OH А СН; СОСН, + H0 
 Acetie acid Ethyl Alcohol Ethyl acetate 

This reaction is reversible. Its reversibility | 
conc. HSO; to remove water from the product. In this way, nearly all of the mass of 
the reactants is converted to products. 


18.1.7.5 Oxidation of Alcohols 

The addition of oxygen to alcohol molecule in a reaction is called. oxidation of 
alcohol.The oxidation of alcohols in the presence of oxidizing agents. gives different 
products. The reagent most commonly used for the oxidation of aleohols to acids is 
potassium dichromate dissolved in aqueous sulphuric acid. The nature of product 
depends upon the type of alcohol and the conditions of reaction. Oxidation of alcohols 
is used to differentiate between 1°, 2° and 3° alcohols. 


Oxidation of Methyl Alcohol Я 
Methyl alcohol is first oxidized to formaldehyde and then to formic acid. 


can be controlled by the addition оғ 


> 
CH;—OH + [О] о | дың + HO 
Methyl alcohol i." Fomuldehyde 
à ge E 
H—C——H + tof кс E 
Formaldehyde \” Formic acid 


eal 
The reaction can be stopped 
oxidizing medium. 
Oxidation of Primary Alcohols 


Primary alcohols are first oxidized to aldeh 
then to carboxylic acids other than formic acid 


at aldehyde stage by removing it from the 
ydes other than formaldehyde and 


CH,;—CH,—OH FI: [О] 


кубо, 
ea 
Eth aleohol ee hs + 0 
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Ө О 


ч K5CrsO 
RUDI — 9 CH. 
СН; [О] H5SO; CH4—C— OH 
Acetaldehyde Acetic Acid 
Oxidation of Secondary Alcohols 
Secondary alcohols are oxidized to ketones, which are not oxidized further 


easily. Because they require breaking of carbon-carbon bond. They can be oxidized to 
acids at drastic conditions. 


OH 
СНз CH— СНз [0] 0902 с Ссн АН;О 
Sec, propyl alcohol Acetone 
| О 
CH;—C—CH,+ 4[0] ет CHO OH + СО; + H;O 
Acetone Acetic Acid 


Oxidation of Tertiary Alcohols | 
Tertiary alcohols are not oxidized tinder acidic conditions because the carbon 


bearing the —OH group is attached to three carbon atoms and, hence cannot form a 
© ; 


carbon-oxygen double bond. 


j 
K-Cr207 E 
— e e —» МО Reactio 
СН, C= Ci + [O] H,50; o Reaction 
CH, Ф 
Tert-butyl alcohol 


18.1.7.6 Cleavage of 1,2-diols (Glycols) 


oe з : arbonyl compounds by the action of 
The vicinal diols are cleaved into two С s 
periodic acid, HIO, or lead tetraacetate, (CH;COO)4Pb. The carbonyl compounds can 


be either aldehydes or ketones. 


OH OH i 


Ethylene glyco 
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OH OH 


сн, CH— CH; Ps, 2 cH,—C— H + H—C—H + HIO,* H,O 
1,2-Propanediol Acetaldehyde Formaldehyde 
18.1.8 The Sulphur Analogous (Thiols, RSH) 
Thiols are sulphur analogues of alcohols and are known as thioalcohols. They 
have mercapto group (—SH) instead of hydroxyl group (—OH). Since they form 


strong complexes with mercuric oxide that is they capture mercury hence, they are 
also called mercaptans. 


2CH4—CH,;—SH + HgO 
Thíol 


(CH43CH5S)5Hg + H,0 


The word mercaptan is derived from the Latin mecurium.captan (mecurium = 
mercury; captans = capturing). 


18.1.8.1 Nomenclature 
„ Common Names 


Thiols are named by adding the suffix mercaptan to the name of alkyl group 
that is bonded to —SH group. 


CH4— SH CH, —CH,—SH 
Methyl mercaptan Ethyl mercaptan 
CH, — 
CH; 


CH;—C—— —SH 
CH,;,—CH—SH 


CH, 
Isopropyl mercaptan 


Tert-butyl mercaptan 
SH 


Phenyl mercaptan 
IUPAC Names 


Ae by the rules given below: 
: e Pop Sha conta ng the mercapto group. — 


m 


ONE OO с сы. mr ep ame Ye 
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ii) a ae stu gau from that end which is nearer to mercapto group 

halogens in numoering the ane takes priority, буса у аши ада 

Ш) pd We e functional group in the molecule with a higher priority, then 
prefix Wer Бусы. Е ВД It may be indicated by the 
Ver = Sit Поне р! : the —OH (higher priority group) takes priority 
Priority gre ip) in both numbering and naming. Examples are: 


2 CH;—CH,— 
Methanethiol EE | 
‘thanethio 
1 
CH, CH; 
3 
CH,—CH-— SH ^H. — CH — Chess < 
xm - CH3—CH — CH= CH,—SH 
x i par. 3-Methyl:]-butanethiol 
(Propane-2-thiol) (3-Methylbutane-1-thiol) 
SH 
SH OH 


eee а 


5 4 3 
CH=CH- CH CH- CR 
3-Sulfanyl-2-pentanol 
(B-Mercapto-2-Pentanol) AJ Benzenethiol 


18.1.8.2 Physical Properties 

i)  Methanethiol is a gas whereas higher members are colourless volatile liquids. 

il) They have considerably lower boiling points than alcohols because they have 
much weaker intermolecular-attractive forces. For example, the boiling point of 
methanethiol is 6°C, whereas the boiling point of methyl alcohol is 65°C. 

ili) Thiols are less solublean water than alcohols of similar molecular masses. 

iv) Lower members of thiols have strong repulsive odours. They smell like that of 
garlic or rotten égg. They (methanethiol and ethanethiol) are used as odorants to 
assist in the detection of natural gas (which in pure form is odourless), and the 

! o the smell of the thiol used as the odorant. 


"smell of natural gas" is duet 
18.1.8.3 Structure 
The functional group of t 
3P^ hybridized carbon. Their structures are similar to alcohols. 
 methanethiol is 100.3. 


hiol is —SH  (mercapto) group bonded to 
The CSH bond angle 
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The electronegativity of sulphur and carbon are nearly equal while sulphur E 
slightly more electronegative than hydrogen. Hence, hydrogen attain partial Positive 
charge and sulphur attains slight negative charge. The sulphur-hydrogen bond is less 


polar than oxygen-hydrogen bond because sulphur is less electronegative than 


oxygen. 
18.1.8.4 Acidity 


Thiols are stronger acids than alcohols. The pK, value of ethanethiol is 10.5 
and that of ethanol is 15.9 in dilute aqueous solution. 


18.2 Phenols 

Phenol is the combination of two words that is “phen” and "ol". Phen is an old 
name for benzene and the suffix “ol” is used for hydroxyl group (—ОН). Phenols are 
those organic compounds in which one or more —OH groups are:directly bonded to 
the carbon of benzene ring. The simplest member of this family ds phenol. 


Phenols may be monohydric or polyhydric. It depends on the number of 
hydroxyl groups attached to the carbon of benzene ring. The phenols containing one 
—OH are known as monohydric phenols.ahd the phenols containing two or more 
—OH groups are known as polyhydric phenols. 

The aromatic compounds in which hydroxyl (—OH) group is not directly 
bonded to the benzene ring are.not phenols but are called aromatic alcohols. These 
may be regarded as derivatives of aliphatic alcohols. For example: 


Á 


№. 


оі e ATI 
C H»— CH»- 
2 АУ Af 


Phenylmethanol 2-Phenylethanol | 
18.2.1 Nomenclature of Phenols 


; Poa is the specific name for hydroxybenzene, but the word phenol is also 
use as the patent name when substituents are attached. We name substituted phenols 
either as derivatives of phenol, as benzenols, or by common names. Common names 


are given in parenthesis below IUPAC names, Th eer 
phenols are as: € TUPAC rules for substitute 
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i) In substituted phenols, the 


position | is given to that carbon which has | 
group. For example: 3 has hydroxy 


OH 


5. CH>CH, O-N ~ 
2-Chloro phenol 3-Bth : 
-Ethyl pheno! 4-Nitro phenol 
(o-Chloro pheno! ) (m-Ethyl pheno!) (p-Nitropheno! ) 
OH 


2-Aminopheno! i.2-Benzenedio! CN 1,3-Benzenedio! 
(0-A minopheno!) (Catechol) Aa ~ (Resorcinol) 


1,4-BenzenedioY 2.4.6-Trinitrophenol 


(Hydroquinone) : (Picric acid) 


The rethylphenols arc called cresols. 


2 


$ + 
БЕТЕ 5 3 5 | 
2-М һепо! 3-Methylpheno! — . *-Metliylphenol — 
Ons (m-Cresol) — — a (n-Cresol) 
DT EM NERO TET I = TEN солени ое : 
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Derivatives of phenols with two methyl groups are called xylenols. 


OH oH 
CH, 
4 4 CH; 
2,6-DimethyIPhenol 2,5-DimethylPhenol 
or — 2,6-Xylenol or  2,5-Xylenol 
OH : 
НС } 
a 
© 2 5 
нс” Y^ 
2,3-DimethylPhenol 3,5-DímethyIPhenol © 
or  2,3-Xylenol or  3,5-Xylenol. 


ji) If phenol has another functional group which is: superior in priority order, then 
phenols are named as hydroxyl derivatives. 


6 2 Р 4 
AN 
5 3 wo 
í OH ALY 


; OH 
3-Hydroxybenzoicacid 4 ^ 4-Hydroxybenzaldehyde 
(m-Hydroxybenzoic acid)» ` (p-Hydroxybenzaldehyde) 


Isomerism in Phenols 
Phenols with two or more substituents can show position isomerism due to 


different position of substituents. For example, the methylphenol also called cresol 
has three isomers i.e. o-cresol, m-cresol and p-cresol. 


CH, 
OH HC 2 
; 3 Sus OH 
4 6 ©. б 


5 5 
2-Methylphenol 3-Methylphenol амен Бн] 


(o-Cresol) (m-Crasoh) 


(n-Cresoal) - 
EINER 
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| ЗУ bas one; hydiaxyi group and tw | 
: о met ‘Olin’ wanna? sar | 
‘comers. 1yl groups and contains six 1 


у CH; 
2,5-Dimet hyIPhenol 


OH 


s i 
Lt. 1 | 
5 « j се 3 
i EX | | | 
C Sh 2 | | 
24-DimethyIPhenol И; ON aC ул CH; 


m 5 DiinethylPhenol ^ 3. 5-DimethylIPhenol 
2 Structure.of Phenol xai 


In phenols, the hy em | 
S, the hydroxyl group 15 Бопдефіоіаготанст 
the hydroxy] group has two bond) pairs (and pcan ИШЕ Ер, ee пош Of | 
bent shape as water molecules. The COH bond angle if he UE ee 
ere sr ang Phenol is 109°. C—O—H 


bond an е ea E 
gle is slightly less than the regular tetrahed 
c J SS 2 терш : ral anol 109.59 
oxygen bond length in phenol is 136 т 8 (109,5). the: carbon- 


109° 


Phenol МЛ | 


P 4 Su 
1823 henol is a polar compound and has a dipole moment of 1.54 D. 


) Physical Properties of Phenols 
pur uos are generally colourless solids at room temperature but turn 
1n colour on exposure to air due to oxidation. s) 
ii), €Y have characteristic phenolic odour. | 
c are generally insoluble in water but phenol itself and di- and tri-hydric 
iS are fairly soluble. | 


— ds: 


E 


2—23. A 53 
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iv) They usually have higher boiling points than aliphatic alcohols due to presence 
of strone intermolecular hydrogen bonding and high molecular mass. 

v) Phenol (hydroxybenzene) itself is a colourless, crystalline, hygroscopic solid, It 
is low melting solid (mp. = 43°C) and has a medicinal odour. It is less soluble in 
water but more soluble in organic solvents such as alcohol and chloroform, It js 
completely soluble in water above 68.5°. Its vapours are toxic. It produces 
painful blisters in contact with skin. Its 596 aqueous solution is known as 
carbolic acid. 


18.24 Acidity of Phenol 


Phenols are more acidic than alcohols and less acidic than carboxylic acids. 
Carboxylic acid > Phenol > Alcohol 


The acidic nature of phenol can be explained by the points given below: 
i) It turns blue litmus red. 


ii) It produces hydrogen gas when reacts with sodium. 

Phenol Sodium Sod, phenoxide ^ Hydrogen 
iii) It has ability to produce hydrogen ions in water. - 
iv) Itreacts with a strong base to produce salt-and water. 


CsH;0H + NaOH ———»<‘G;H,ONa + H,O 

Phenol Sodium hydroxide ~~~ Sod. phenoxide 

(Acid) (Base) Roy (Salt) Water 
It forms a stable phenoxide ion (phenolate ion) after loss of hydrogen ion. The 
stability of phenoxide ion as compared to alkoxide ion is due to delocalization of 


negative charge in the benzene ring. It is shown by the following resonating 
structures. | 


= 


SOC 


18.2.5 Preparation of Phenol 
Phenol can be prepared by the following methods: 
18.2,5,1 From Benzene Sulphonie Acid | 


Benzene sulphonic acid reacts with sodium hydroxide to produce sodium 


benzene sulphonate which on further reaction with NaOH at about 300°C produces 
sodium phenoxide. | 


V) 
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2203 H SO,Nä SN ONa | 

i LN NaOH — NaOH | 
Ре Ер "30088 о, G | 

temperature 22 | 


Benzene аа Sodium benzene Sodium 
acid sulphonate phenoxide 
The sodium ios on hydrolysis with bo gives phenol. 


Sodium phenoxíde Phenol 

This is the oldest method and is not used for the preparation of phenol 
nowadays. 
18.2.5. From Chlorobenzene (Dow’s Method) 


Chlorobenzene reacts with 10% NaOH solution at 350°C and 300 atm pressure 
to produce sodium Dope which on acid hydrolysis gives phenol. 


ONa: 
ve 350*C + 300 atm DS 


Chlorobenzen Sodium stes 
a + NaCl 
| 
| Sodium phenoxide Phenol 


This method has-limited application in the laboratory synthesis of simple 
phenols. 


18.2.5.3 From Acidic Oxidation of Cumene 


Cumene ds readily oxidized by air to produce cumene hydroperoxide on 
hydrolysis with HCI gives phenol. 


ie ) e 
cues eder. ОН 
О 
HCl „. + СНз—_С-——СН; 
ү” но 
Acetone 
Cumene Cumene hydroperoxide гне EAR 
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Most of the worldwide production of phenol is now based on this method. 


18.2,5,4 From Hydrolysis of Diazonium Salts 


Benzenediazonium chloride on warming with water followed by acidification, 


gives phenol. 
N35CI OH 
HBO DE N, + HCI 
HO 


Benzenediazonium Phenol 
chloride 


18.2.6 Reactivity of Phenol 


The phenolic (—OH) group is electron donating group. and increases the 
electron density at ortho and para positions by donating its electron pair to the 
benzene ring. This makes the benzene ring of phenol. more reactive towards 
electrophilic substitution reactions. Because of this reason, phenols behave as 


nucleophiles in most of their reactions. 


18.2.7 Reactions of Phenols 


Phenols generally show two types of-réactions: (i) reactions due to —OH 
group (ii) reactions due to benzene ring. . с: 


18,2.7.1 Electrophilic Aromatic Substitutions 


In these reactions, an electrophile is penetrated into the ring and breaks the 
electronic cloud of benzene. The —OH group is ortho-para director and most of the 


substitutions occur at ortho and para positions only. Because of this, ortho and para 
derivative are obtained in these reactions. Some 


of the electrophilic substitution 
reactions of phenols are: 
Nitration | 
Phenol reacts with dilute nitric acid at room temperature to give a mixture of 
ortho and para nitrophenols. 
NO, 
OH OH OH 
2 HNO, (20% ) 
25°C + + 2H,O 
; ON 
Phenol o-Nitrophenol p-Nitrophenol | 
30-40% 20% 


The nitration results in the formation of picric acid when phenoi ;. treated with 
concentrated nitric acid. | 


m 
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NO; 
OH OH 
3 HNO 3(Conc.) 
] 
Phenol 2,4,6-trinitrophenol 
(Picric acid) 


Halogenation 


Phenols react with bromine water to produce white precipitate of 2,4,6- 
tribromophenol. 


Br 
OH OH 
3 Вг» d 
ET E EDS + -3HBr 
Br Br 
Phenol 


2,4,6-Tribromophenol | 
18.2.7.2 Reaction with Sodium Metal 


Phenol reacts with sodium metal om warming to form water soluble salt 
(sodium phenoxide) with release of hydrogen gas. 


OH ONa 


2 HANE EE — + Н, 


Phenol — Sodium metal | comp = 
18.2.7.3 Oxidation 


Phenol is Oxidized to p-benzoquinone in the presence of stronger oxidizing 
agents. The oxidizing agents used are silver oxide, lead tetraacetate, dichromate, and 
atmospheric oxygen. Phenols are more easily oxidized than simple alcohols. 


OH О 
sr 
О 


Phenol p-Benzoquinone — 


^S 
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18.2.8 Difference between Alcohols and Phenols 
The main difference between alcohols and phenols are given in the 


table: 


r 


A] ha » 
Alcohol Phenol 


ss group is bonded to an alky! Hydroxyl group is bonded to an aryl 


group. group. 
| Hydroxyl derivatives of alkanes. Hydroxyl derivatives of benzene. | 
| General formula is В—ОН. General formula is Ar—OH. 
| They are less acidi more acidic. 
, They are less ue They are 3 
| The pK, value is nearly equal to 16- The pK, value is nearly equal to 10. 
20. l 
Lower alcohols are generally They are colourleśs crystalline solids. 
colourless liquids. 


| 
| 
| 


They have characteristic phenolic smell. 


They give-white ppt. with Br; water. 


They' react with NaOH to form 
phenoxides. 


| They have ао action with Вг» water. 


+ = 


| They do not react with NaOH. 


c0 vx Society, o ien PEGUE 
PRS SS UE == ы ыыы >. 
Antiseptics and Disinfectants < | 


Antiseptic and disinfectants both are bacteria killer and are considered to be 
antimicrobial. It is hard to definitely point out the difference between these two. There is | 
no real difference between antiseptics and disinfectants. It is to be noted that the same | 
chemicals are used for the one purpose as for the other. However, the differences 

etween these two chemicals are very great and their applications (uses) are significantly | 
different. Some of the most important differences between antiseptics and disinfectants | 
are given in the table. | 


AritiSeptics 
They are mild: chemicals that are applied 
to the skin or body to kill germs. 


Disinfectants 


They are strong chemicals that are applied: 
to the non-living surfaces, spots and places 
to kill germs. am = 
They are harmful to the body of humans and | 
animals. They are not applied on the body 
due to their corrosive nature. 
They are often used to sterilize operation 
theatres, to disinfectant utensils, doors. 
floors, etc. and to decontamiuo'^ reusable 
instruments. A HERE 


They are safe and do not harmful to the 
body of humans and animals. They are 
used locally outside the body. 


They are used on or in living tissue 
including skin, oral cavities and open 
wounds to remove, inhibit the growth of, 
or inactivate microorganisms. 
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Disinfectants ps 


They are commonly found at homes or 
public places. _ 


Antisepties 


They are commonly used at healthcare 
centres or hospitals. 


Examples are surgical spirit (ethyl alcohol 
as 60-70% or isopropyl alcohol at least 
10%), iodine, dettol, boric acid, listrine, 
lime, hydrogen peroxide, etc. 


The Role of Disinfectants in Hygiene 


| 

| 

| 

| 
Hygiene is a practice or an activity of keeping yourself and your surrounding "à 

clean and healthy. Hygiene refers to conditions and practices that prevent illness or the | 
spread of diseases. A good hygiene means to keep your body clean and healthy. | 
Disinfectants are used to kill or inactive germs and other harmful substances. 


— — —— 


Examples are phenol, “phenol, dettol, formalin, 
sodium hypochlorite, DDT, etc. 


There are many different chemicals that are used as disinfectant$ and play key roles 
in hygiene. 
Alcohols 
Alcohols such as ethyl alcohol and isopropyl alcohol are widely used as antiseptics and 
disinfectants. They are used to kill bacteria and viruses.< 
Phenols 
Phenols are widely used as disinfectants in household products. 


Sodium Hypochlorite 
| The 5% solution of sodium hypochlorite is an elective disinfectant for sinks, toilets, etc. 


Calcium Hypochlorite 
Calcium hypochlorite is used in hospitals as disinfectants for PCIE and bedding. 
Chlorine and Ozone 
| Chorine and ozone gase 
bacteria. 
| Iodine Tincture 
It contains 2-7% elemental iodi 
ethanol and water. Iodine tincture is typ 
hospitals as a disinfectant because it can 
183 Ether: 
е егѕ 
bonded to two alkyl (or 
Eth ds in which an oxygen atom is 
aryl) Pe They dis Be regarded as derivatives of water in which both the 
Ydrogen atoms have been replaced by alkyl (or aryl) groups; They have general 
formula R—O—R', where R and R' may be alkyl or aryl or vinyl groups. The bond 
angle at the oxygen atom of an ether is to some extent greater than that of water: 


Оза 
mc СНз 2% 


s are used as disinfectants in water treatment to kill harmful 
> - =" à 


ne in addition to KI or Nal, dissolved in a mixture of 
ically used as an antiseptic. It is usually used in 
ren both bacteria and viruses. 
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There are two types of ethers: (i) symmetrical ethers (ii) unsymmetrical ethers. 
In symmetrical ethers, the two alkyl (or aryl) groups are the same. They are also 
known as simple ethers. Examples are: 


O 
Dimethyl ether 


Diphenyl ether 


In unsymmetrical ethers, the two alkyl (or aryl) groups are different. They are also 
known as mixed ethers. Examples are: 


CH; 
CH4—O— —CEH; —CH; 


Ethyl methyl ether 


Methyl phenyl ether 
18.3.1 Nomenclature of Ethers 


There are two systems for naming ethers: (i) common system and (ii) IUPAC 


system. Ethers are usually named by common system. IUPAC system is used for 
those compounds which have more than one ether linkages. 


18.3.1.1 Common System 


Chemists almost use commón names for simple ethers that is, low molecular 
mass ethers. In common system; the two alkyl (or aryl) groups bonded to oxy gen 
atom are named in alphabetical order and the word ether is added. If the two alkyl (or 
aryl) groups are similar, then the prefix di- is used. Examples are: 
СН —O— EN, 


CH;—O—CH,—CH, 
Dimethyl! ether 


Ethyl methyl ether 
5 
Methyl phenyl ether Diphenyl eth 
yl ether 
18.31.2 TUPAC System | 


According to this system, ethe 
hydrocarbons. The IUPAC rules for n 
i) The larger alkyl group is named 

i) The smaller alkyl group along w 


TS are considered as 
aming ethers are: 


as a parent alkane. 


ith oxygen atom is taken as alkoxy group. xy 


alkoxy derivatives of 
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jii) Number the carbon chain from that end which is nearer to alkoxy group. 
Examples are: 


СН; : 
CH4—0—-CH; | CH,—0——CH,—CH, | CH,—0—CH—CH3 
Methoxymethane Methoxyethane 2-Methoxypropane 
CH, | 


CH;—CH5;--0—CH——CH5 —CH; 
2-Ethoxybutane 


18.3.2 Physical Properties of Ethers 

i) Lower ethers such as dimethyl ether and ethyl methyl ether are gases while 
higher ethers are colourless, volatile liquids. 

ii) They have pleasant odour. . 

iii) They are highly inflammable. 

iv) They have low boiling points due to absence of hydrogen bonding. 

v) They are slightly soluble in water because.they form hydrogen bonds with 
water. Their solubility decreases with increase'in the size of alkyl groups. They 
are readily soluble in organic solvents such as benzeriejchloroform etc. 

vi) They are lighter than water. 

vii) Ethers are used as a solvent. 


183.3 Preparation of Ethefs " -DH 
They are prepared by the following methods: 


18.3.3.1  Williamson's Synthesis 
Alcohols react with sodium metal to give sodim ghkoxide. Which c on further 
reaction with alkyl halide ас ether. | : 


: RX. 
2R—OH = 2 R—ONa у T R—O—R ` | 
This is the most important and widely used method for the preparation of 


nrbe 
зел! 


ethers. 


18.3.3.2 Reaction of Aikyi Halides with Dry. Silver Oxide 
Alkyl halides react with silver oxide on heating to produce ether. -4:7 
5 Bs AgX. Iis {ны lama 3 
: 2R —X = Ag,O R AR +2 іра б aT ЗИНА. 1 2m es. 
18.3.5 Reactivity of Ethers | ue aH He 1987 ithe t; roberts, кү? j 1 
Ethers are stable compounds. They аге des reactive than | alcohols "but are. oS 
Snsiderably. reactive than alkanes. They He. less gem Бесаше of the absence SE ce 
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active hydrogen bonded to oxygen as present in alcohols. They are reactive only when 
the oxygen is protonated in an acidic medium. They do not react with bases, dil. 
Acids, metallic sodium, reducing agents and oxidizing agents in cold state. However, 


they show some characteristic reactions. 


18.3.5 Reactions of Ethers 
18.3.5.1 Reaction with Cold Conc. Acids 

Ethers react with cold conc. HCl or H;SO, to produce oxonium salts. For 
example: > | 


Н 
; ee а 
CH3CH; —0—-CH3CH; + HCI—> [cHscH;— 0—€n;cH;|. С! 
Diethyl ether Diethyl oxonium chloride 
| 

4- - 

CH3CH; — 0— CH3;CH; + H5SO, —» |CH;CH;——-O—CH,CH,] HSO, 
Diethyl ether Diethyl oxonium hydrogen sulphate 


18.3.5.2 Reaction with Hot Concentrated Acids 


Ethers react with hot concentrated HCl'or HI to produce an alcohol and alkyl 
halide. O 


C,H;—O—C,H;+ НСІ —>|CH;—O—C.H,| Cl —> СНОН + C>H;Cl 
Diethyl ether X Diethyl oxonium chloride Ethyl Ethyl 
alcohol ^ chloride 


| If an excess of an acid is used, the alcohol so obtained reacts further with HX 
to give alkyl halides. | 


CH4CH; — OH NE HC] ———» CH3CH;—— CI zr: H,O 
Ethyl alcohol Ethyl chloride 


Use of Ether as Anesthesia Pari | 


Ether is colourless, volatile and highl 
smell. Diethyl ether was one 
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general anesthetic until the 1960s. Since then, ether is no longer used in advanced 
countries (Europe and America) as an anesthetic because it is extremely flammable and 
has prolonged anesthesia recovery. In these countries, the use of ether was displaced by 
less flammable and safer fluorinated hydrocarbons such as haloethane. Ether is still 
| used as an anaesthetic these days in some un-developed countries (third world countries) 


| because of its cheapness. 


Alcohols are hydroxyl derivatives of alkanes while phenols are hydroxyl 
derivatives of benzene. 


of alcohol is ROH and that of phenol is PhOH. 


sed into two major groups:.-(i) Monohydric alcohols 
(ii) polyhydric alcohols. Monohydric alcohols have 


polyhydric alcohols. 


95% pure ethyl alcohol is called rectified alcohol and 100% pure ethyl alcohol is 
called absolute alcohol. 

Alcohols are polar compounds with Oxygen carr 
and both the carbon and hydrogen bonded to it carrying 
The boiling points of alcohols are higher than those of h 


ond. Greater the 
Polarity of —ОН group, greater would be the acidity of alcohols. Primary 


alcohols are more acidic than secondary alcohols which in turn are more acidic 
than tertiary alcohols. 
Alcohols аге teactive organic compounds. They act both 
nucleophiles: They undergo a wide variety of conversio 
„ Which are either oxidation or reduction type reactions. 
alcoho] undergoes dehydration when it is heated with an 
Product of alcohol dehydration is the more stable alkene. Terti 
ч * easiest to dehydrate, and primary alcohols are the hardest. 
iols are sulphur analogues of alcohols and are known as thioalcohols. They 


ave mercapto group (—SH) instead of hydroxyl group (—OH). Thiol 
«а “Tonger acids and hav 


as electrophiles and 
ns—the majority of 


acid. The major 
ary alcohols are 


S are 
e lower boiling points than alcohols, Because the S— 
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bond is almost nonpolar, the physical properties of thiols are more like those of 


ons of similar molecular mass. 

e 2 асла an oxygen atom (—O—) is connected by single bonds to two alkyl 
or aromatic groups. Ethers are formed by a condensation reaction of two 
molecules of alcohol. Ethers of low molecular mass have low boiling points, 
while ethers with larger alkyl groups have higher boiling points due to London 


dispersion forces between the alkyl groups. Ethers are often used as solvents for 
organic reactions. 


Multiple Choice Questions 
Select one answer from the given choices for each question: 
i) The hydrogen bonding is present in: 


(a) C&Hg (b) C,HsOH 

(c) С.Н;Вг (d) CH,;—O—CH; 
ii) Which compound is more soluble in water? 

(a) Phenol (b) Ethyl alcohol 

(c) Dimethyl ether (d) .I-Hexanol 
iii) Oxidation of ethyl alcohol gives: 

(a) Formaldehyde «У (b) Acetaldehyde 

(c) Acetone ^ (d) Ether 
iv) Methanol is also known as у С 

(a) Absolute alcohol... (b) Rectified alcohol 

(c) Wood spirit A> (d) Methylated alcohol 
v) Rectified spirit contains about: 

(a) 85% ethyl alcohol (b) 90% ethyl alcohol 

(c) 95%, ethyl alcohol (d) 100% ethyl alcohol 
vi) Alcohols are prepared by the: 

(a). Hydration of alkenes. (b) Hydrogenation of alkenes. 

(ê> Halogenation of alkenes. (d) Oxidation of alkenes. 
vii) The protonated ether is called: 

(a) Oxide ion (b) Carbon ion 

(c) Hydronium ion (d) Oxonium ion 


viii) Which statement is true about phenol? 
(a) It is more acidic than acetic acid 
(b) It is more acidic than ethyl alcohol. 
(c) It turns red litmus blue. 

(d) It does not react with sodium. 


PEET TRA КАВА, 


oe 
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ix) Which one of the following is the isomer of dimethyl ether? 
(a) CH3;CH,0H (b) CH;CHO | 
(c) СНзСООН (d) НСООСН, 

x) | Which statement is correct about ether? 
(a) Lower ethers are liquids at room temperature. 
(b) They are crystalline solics at room temperature. 
(c) They are highly inflammable. 
(d) They are denser than water. 


“Short Answer Questions ; 


0.1. Why phenols are more acidic than alcohols? 
2. Why the boiling point of alcohol is higher than ether? 
Q.3. Can ether form a hydrogen bond with water? 
Q.4. Why ethers are considered to be good solvents? 
Q.5. Ethers are less dense than liquid water, how? 
Q.6. Phenols are more reactive than benzene, why? 
Q.7. Explain why the boiling points of alcohols ànd phenols are much higher 
than those of alkanes and ethers? 
Q.8. Why phenols have higher boiling points.than alcohols? 
Q.9. Which are more soluble in water, alcohols or phenols? 
Q.10. What is the difference between primary and secondary alcohols? 
Q.11. What do you know about rectified and absolute alcohols? 


Long Answer Questions — 


0.1. What are alcohols? How are they classified? 
Q2. How will you distinguish between primary, secondary and tertiary alcohols? 
Q.3. Describe the nomenclature of alcohols. 
0.4. Draw structures for the following alcohols: 
i) 1-propanol . 
ii)  2*butanol 
iii) ^ 1,3-butanediol 
iv)  5-methyl-2-hexanol 
v) 4-ethyl-3-heptanol 
vi)  2,2,4,4-tetramethyl-3-pentanol 
vii) 3-chloro-1,2-propanediol 
Viti) 2,3,4-pentanetriol 
Q.5.. Draw structures for the following ethers: 
i) Methoxymethane 
ii) ^ Phenoxybenzene 
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iii) | 2-methoxypropane 
iv)  1,2-diphenoxypropane 
v) 1-ethoxy-4-methylbenzene 
Q.6. Draw structures and then give IUPAC names to the following compounds, 
i) Dimethyl ether 
ii) Ethylmethyl ether 
iii) | Methylphenyl ether 
iv) Ethyl alcohol 
v) Sec. propyl alcohol 
vi) Propylene glycol 
Q.7. Explain the structure and acidity of alcohols. 
Q.8. Describe the methods for the preparation of alcohols. 
Q.9. What do you know about reactivity of alcohols? 
Q.10. Give physical and chemical properties of alcohols. 
Q.11. What are thiols? Describe the nomenclature of thiols. 
Q.12. Give physical properties and explain structure and acidity of thiols. 
Q.13. What are phenols? Explain nomenclature of phenols. 
Q.14. Describe structure and acidity of phenol: 
Q.15. Write down four different methods for the preparation of phenols. 
Q.16. Explain reactivity of phenols. 
Q.17. Give physical and chemical properties of phenols. 
Q.18. What is the difference between alcohols and phenols? 
Q.19. What are ethers? What do-you know about simple and mixed ethers? 
Q.20. Describe nomenclature of ethers. 
Q.21. Describe the preparation of ethers by (i) Williamson's Synthesis (ii) the 
reaction of alkyl halides with dry silver oxide. 
Q.22. Explain reactivity of ethers. | 
Q.23. What are the physical and chemical properties of ethers? 
Q.24. Give IUPAC names to the structures given below: 
OH 


i) | CH;—CH—CH,—CH, 
OH 
ii) CH4—CH——CH— CH, 


CH, 


cp eA LE 
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OH 


ii) +CH;—CH—CH—cH, 
OH 
OH CH; CH; 


iv) CH;—CH—C——cH—cu, 
CH; 

v) CH,;—CH,—O—cH, 

vi) CH4—CH;—0——CH; 


OCH, 
vii) CH,—CH—CH—CH, 


OC,Hs OCH, 


Q.25. What are locants, prefixes, parent compound and suffixes in 3-methyl-2- 
pentanol? 

Q.26. Describe isomerism in alcohols and phenols. 

0.27. How many isomers are possible for C,H,90? Draw their structures. 


uu —-————— Ал. 
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Carbonyl Compounds 1: 
Aldehydes and Ketones 


Major Concepts, 


19.1 Nomenclature 

19.2 Physical Properties 

19.3 Structure 

19.4 Preparations of Aldehydes and Ketones 
19.5 Reactivity 

19.6 Reactions of Aldehydes and Ketones 


Learning Outcomes: 
Students will be able to: 


e Explainnomenclature and structure of aldehydes and Кас (Applying) 

e Discuss the preparation of aldehydes and ketones by-ozonolysis of alkenes, hydration of 
alkynes, oxidation of alcohols and Friedal Craft'sacylation of aromatics. (Applying) 

e Describe reactivity of aldehydes and ketone and their comparison. (Analyzing) 

e Describe acid and base catalysed nucleophilic addition reactions of aldehydes and ketones. 
(Applying) AM 

e Discuss the chemistry of aldehydes vend ketones by their reduction to hydrocarbons, 
alcohols, by using carbon nucleophiles, nitrogen nucleophiles and oxygen nucleophiles. 
(Applying) 

e Describe oxidation reactions of: aldehydes and ketones. (Applying) 

e Describe isomerism in aldehydes and ketones. (Understanding) 


Introduction 


Aldehydes and ketones are carbonyl compounds. They play an important role 
in chemistry, biology and biochemistry. They are responsible for many flavours and 
odours. Vanillin; an aldehyde, gives vanilla flavour. Benzaldehyde, an aldehyde, gives 
almond flavour. R-Carvone, a ketone, gives spearmint flavour. The male and female 
sex hormones (testosterone and progesterone) also contain carbonyl groups. 

An aldehyde has one alkyl (or aryl) group and one hydrogen atom bonded to 
the carbon of carbonyl group. Formaldehyde is the exception because it has two 
hydrogen atoms that are bonded to the carbon of carbonyl group. On the other hand, a 
ketone has two alkyl (or aryl) groups bonded to carbon of carbonyl group. 


f O 
Il | | 
C 
H H Rcs H me БЕЯ 
Formaldehyde An aldehyde A ketone 
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19.1 Nomenclature 


Both common and IUPAC names are used for aldehydes and ketones. 


19.1.1 Nomenclature of Aldehydes 
19.1.1.1 Common System 

Ше: соттоп names | of aldehydes are derived from the names of the 
corresponcing epee acids by replacing the ending -ic acid with the word 
-aldehyde. The position of substituents on the chain, if any, is indicated by Greek 
letters œ% В, y, ô, etc. The a-carbon atom is one which is directly bonded to the carbon 
of carbonyl group. 4 

O 


б Y 3 
CH4—CH;—CH;—CH,—CH,—C——H 


The common names of some aidehydes are given belos* 


O O 
|| | [3 u 
Formaldehy de Acetaldehyde Propionaldehyde 
CH, O Cl CH; CH, O 
p a | al al a || 
CH;—CH——CHo LE СН СН CCH C—H 
p-Methylbutyraldehyde Y -Chloro-a., -di methylvaleraldehyde 


19.1.1.2 TUPAC System 

The IUPAC names of aldehydes are derived from the names of the 
corresponding alkanes by replacing the ending —e with —al. Hence, the aldehydes are 
named as ‘Alkanals.’ For example, if there are three carbon atoms in the chain of 
aldehyde, it is derivative of propane and its name is propanal. If there are four carbon 
atoms in the chain, then it is derivative of butane and its name is butanal and so on. 

In case of higher aldehydes when substituents are present, find the longest 
chain containing aldehyde group and number it in such apay that we дее group 
5 assigned position number one. There is no need to indicate the position of aldehyde 
TOUP because it must always lie at the end of the carbon cuai ME ezne pannon 
Number one. The IUPAC names of some aldehy oe a a rox с=т 


A 239 


П 

P 

SPAA 817412 AO s a Ar Е 
эля - P EP Ы m2 


тєн 
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О | С 
с GIb—6--—H CH CH=CH 
Methanal Ethanal Propanal 

CH, O Br Cl СЕО 
4 3l 2 |l 4 | 2 | | | 
CH,— CH —CH; —C-—H СО === CH —C--——H 

3-Methylbutanal : 4-Bromo-3-Chloro-2-methylbutanal 

CL. -—GH. CH, О СН О 

5 = | 3 | | 1 | | jl 2 1 | | 


CH,—CH—CH—CH——C—H CH C—QH;—C—H 


4 5 6 
4-Chloro-2 ,3-dimethylpentanal QH, — CH; — CH; 
| ^3,3-Dimethylhexanal 

19.1.2 Nomenclature of Ketones 
19.1.2.1 Common System 

The common names of ketones are obtained by simply naming the two alkyl 
(or aryl) groups bonded to the carbon of carbónyl group and the word ketone is added 
as a separate word. The two alkyl (or aryl) groups bonded to the carbon of carbonyl 
group are named in alphabetical order, If the two alkyl or aryl groups are similar, than 
the prefix di is used before the name of the alkyl or aryl groups. The position of 
substituents on the chain is indicated by Greek letters (a, В, ү, 8, etc.), starting with 


the carbon next to the carbonyl group. The substituents on the chain are named in 
alphabetical order. “ 


$, е а 
CH,— eR CH — cH, —C— cu, 


The common names of some ketones are given below: 


CH,;——C——CH CH; —C —CH 
2—CIh 
Dunes] Ин Ethyl methyl ketone 
CH; O CH, NH, 


B а 

оноон банов б ol 
Ethyl isoporpyl ketone a-Aminoethy] і 

(Efhyl-c.-methylethyl ketone) i ddnde. 
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Beroia 


Dipheyl ketone Methyl phenyl ketone 


Some ketones are also known by their historical names. Dimethyl! ketone is 


always named acetone, diphenyl! ketone is called as benzophenone and methyl phenyl 
ketone is known as acetophenone. 


19.1.2.2 IUPAC System 


The IUPAC names of ketones$.are derived from the names of the.cOrresponding 
alkanes by replacing the ending —e with Sone. Hence, the ketonés are named as 
‘Alkanones.’ For example, if there are four-carbon-atoms-in the elain of ketone, it is 
derivative of butane and-its name is butanone. If there are five cárbon atoms in the 
chain, then it is derivative of pentane and its name is péntanofié and so on. 

In case of open chain ketones, find the longest chain containing carbonyl group 
and number it in such a way that the carbonyl group.is assigned the lowest possible 
number. The position of,carbony! carbon is indicated before the stem name of ketone. 
If two ог more ketonic'groups are present in the chain, them е prefixes di, tri, tetra 
are used for two, three, four kétonic groups respectively as dione, trione, tetraone. The 
Position of substituents are indicated by the number of that carbon atom to which they 
are attached. The IUPAC names of sonie,ketones are given as: 


5 
бо CH, 


МЕТ PAT АВ АА! 
«d Se ER ARTE AM CH mm 
Popaone Renee — @Methypentan зо) 
CH, ООСН, ics || e 5 6 
CURE dA быз Ho 


4-Hydroxy-2-methyl-3-hexanone 


2,4-Dimethy]-3-pentanone (4-Hydroxy-2-methylhexan-3 -one) 


(2,4-Dimethy Ipentan -3-one ) 


( CH, СН; i : ; 
Now 2 
6 5 4 3 ZH 


6-Chloro-4,5-dimethy-3-heptanons. 
___ (é-Chloro-4,5-dimethylheptan-3 оп 


eb LN Si eee 
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19.2 Physical Properties of Aldehydes and Ketones : 

Ке carbonyl group of aldehydes and ketones is polar because Oxygen is more 

1) сорау than carbon. Due to polarity, they show dipole-dipole 
ава which makes the boiling point of carbonyl compounds higher than 
those of corresponding alkanes of comparable molecular masses. 

i) The carbonyl compounds cannot form hydrogen bonds with each other because 
they have no O—H bond which makes them. less polar than alcohols and 
carboxylic acids. They, therefore, have low boiling points than alcohols and 
carboxylic acids. | | 

iii) Aldehydes and ketones having five or less than five carbon atoms are soluble in 
water because they can form hydrogen bond with watermolecules*  : | ^ 

iv) Aldehydes and ketenes having more than five carbon atoms are insoluble in 


water because the non-polar hydrocarbon portion is too large to dissolve in the 
polar water. 


v)  Methanal and ethanal are gases; the other lower. aldehydes and ketones are 
colourless liquids at room temperature. The higher aldehydes having more than 


twenty carbon atoms and ketones having more than thirty carbon atoms are 
solids at room temperature. 


vi) Lower aldehydes have pungent smells and hi 
Vanillin, an aldehyde, has pun 


smell. 


vil) Density of aldehydes and ketones is less than that of water. 


gher aldehydes have pleasant smell. 
gent smell while the camphor, a ketone, has sweet 


| Formaldehyde (Sources, Health Risks and Recomm 
| Formaldehyde is a colourless, flammable gas with 

| aqueous solutions (formalin). All organisms (anima 
| humans naturally prodüce fi ormaldehyde as part 


mmendations) 
pungent, irritating odour. It is found in 


Is and plants) such as bacteria, fish and 
ofcell metabolism рина 


у 
j4 : 


| Health Risks. 


|e Short term exposure of formaldehyd еа 
| : enyde can cause irritation oft and throat. 
| I can also cause coughing and sore throat as he eyes, nose and 


K Long term exposure of formaldehyde makes all S 
| reactions of the skin (dermatitis), the eyes and 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 
Te Sms GENES NN ya TOS e — — —— -= ——— — — ET 

| repeated contact can also cause numbness and a hardening of skin, It can cause cancer 

in the nose, throat, or lungs when formaldehyde concentration is hi gh. | 


E Formaldehyde solution (formalin) is skin irritant. It can cause smarting, drying, 
cracking, and scaling. | 


e Formaldehyde can decrease fertility and increase the risk of spontaneous miscarriage i 
in humans. | 
Recommendations 


Students, teachers and workers who may be exposed to formaldehyde can inhale it as a gas or 
vapour or absorb it through the skin as a liquid. Wear safety googles, gloves, face shield and 
apron of appropriate materials to prevent the formaldehyde contacting the eyes, nose, mouth, 
hands, arms and trunk of the body before entering the workplace. 


— MÀ e Áo s^ 


19.3 Structure of Aldehydes and Ketones | 
The carbonyl group of aldehydes and ketones is composed.of one sigma bond | 

and one pi bond. Both carbon and oxygen of the carbonyl group are sp^ hybridized. 

The fourth p orbital of carbon remains unhybridized. The threé-sp^ hybrid orbitals of 


carbon form three sigma bonds, one with oxygen and two with the other groups 
bonded to it. 


The fourth unhybridized p orbital of carbon forms pi bond with oxygen. The 
three atoms or groups attached to carbon of carbonyl group lie in the same plane. The 
bond angles between the bonded. atoms or groups are around 120 . 


19.4 Preparations of Aldehydes and Ketones 
19.4.1 Ozonolysis of Alkenes 

Alkenes reacts with ozone to from an explosive compound ozonide, which on 
subsequent reductive cleavage with zinc dust and water produce aldehydes or ketones 
or both depending on the structure of alkene. 


R Um NET. | 
N / N А ано Seo 

с==С 20). 26 C. s ——— + 
|| eo 

e 0—0 | 
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j 
O 
E: "s а XN oe Zn/HjO Rx Chau 
с=с + O5 cue C. -H-0 үг 
\ | R | | R 2-2 R—C——R 
Alkene - Ozonide , Ketone 


19.4.2 Hydration of Alkynes 

Alkyne undergo hydration according to Markovnikov's rule in the mercuric 
sulphate and sulphuric acid to form an unstable enol, which on rearrangement gives 
aldehydes or ketones or both depending on the structure of alkyne. The acetylene 
produces aldehyde and all other alkynes under same. conditions produce 
corresponding ketones. 


Н ОН AH. O 
= о al Pes 
HC==CH + Н0—нво, = HC——CH —— —- HC—C—H 
| Enol ZH 
Acetylene intermediate Acetaldehyde 
H 


HC—C— CH3t HO = as HC—C——CH; ——9 HC—-C—CH; 


Enol 
Propyne 27 ЭЕ intermediate 


19.4.3 Oxidation.of Alcohols 


Controlled oxidation of primary alcohols in the presence of acidified solution 


of potassium dichromate or potassium permanganate produce aldehydes whereas 
secondary alcohols result in the formation of ketones. 


H 
Dimethyl ketone 


О 
CH,—CH;—OH + [0] л, CH =C Н + HjO 
Ethyl Alcohol H280, Acetaldehyde S 
OH 
K,Cr,0, 


CH;—CH— CH; + [О] 


CH;—C——CH, + H,O 
Sec. propyl alcohol #804 : à 


Acet 


LR ED aS En eee 
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19.4.4 Friedel-Crafts Acylation of Aromatic Compounds | 
An aromatic compound (benzene) reacts with acyl halide in the presence of | 
Lewis acid (AICI;) to produce an aryl ketone (methyl phenyl ketone). 


| 
H О C—CH; | 
| ме! = 
+ CH—C—q —АЁһ „ | + HE] | 
Z | 
Benzene Acetyl chloride Methyl phenyl ketone | 


19.5 Reactivity of Carbonyl Compounds | 
Aldehydes and ketones both contain a carbon-oxygen double bond. Ketone has | 

alkyl or aryl group on each side of the carbonyl and ап аіаећһуде%аѕ а hydrogen on | 

one side and an alkyl or aryl group on the other side of the carbonyl. Oxygen of the 

carbonyl is more electronegative than carbon. Therefore, the less tightly held pi (л) 

electrons are strongly attracted by oxygen atom. This attraction makes the carbonyl 

group highly polar in nature. So partial negative charge develops on oxygen and 

partial positive charge develops on carbon of carbonyl group. 


o` oê- o9 
[t i. | 
Ое ЕС dm Ro к 
Carbonyl group Aldehyde Ketone 


Thus negatively charged oxygen atom acts as a nucleophile and positively 
charged carbon atom acts as an electrophile. The most characteristic reaction of 
aldehydes and ketones is nucleophilic addition to the carbon-oxygen double bond. 
During addition of a reagent to the carbonyl, the negative part of reagent adds to the 
carbon of carbonyl group and the positive part of the reagent adds to the oxygen of 


carbonyl group. 
oë- 
el 
Nub ч 


19.6 Reactions of Aldehydes а Ketones | T 
Aldehydes and ketones react with nucleophiles and produce a wide variety of 
useful derivatives. Their most common reaction is the nucleophilic addition reaction, 
in which a nucleophile adds to the carbon of the carbonyl group. 


= — ма T а “үс, 
> ТЫСТЫ бал ыз = E АС N T OS. 
UPE DSE AEA ee Tio. es nd м 
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19.6.1 Nucleophilic Addition Reactions 

Aldehydes and ketones undergo addition of hydrogen, carbon, nitrogen and 
oxygen nucleophiles. The carbon of carbonyl group is highly electrophilic due to a 
partial positive charge. Hence the nucleophile adds to the electrophilic carbon of 
carbonyl group. As the nucleophile adds to the carbonyl group, the hybridization of 
carbon changes from sp’ to sp’. The nucleophilic addition reactions can either 
catalyzed in the presence of an acid or base. 
Base Catalyzed Nucleophilic Addition Reactions 


These reactions occur in the presence of a strong nucleophile. A strong 
nucleophile is produced by the reaction of the base with the reagent. 


H—Nu +:0H ————> Nu: + HOH 


The nucleophile uses its pair of electrons to make a bond to the carbonyl 
carbon, the electrons of the л-Бопа are forced out to the oxygen atom to produce an 
alkoxide anion. 


Nu: E | i 
eee c pem 


The alkoxide intermediate is protonated upon treatment with water. Here the 
base is regenerated. E T 


Nu Nu | 
Acid Catalyzed Nucleophilic Addition Reactions 
These reactions occur in the presencggof a weak nucleophile. A small amount 
of acid is used to initiate the reaction. The proton of acid attacks the carbonyl oxy£" 
atom to produce protonated carbonyl group. Protonation Pen imd phil 
character of the carbonyl carbon and makes it more reactive towards nucleophile. _. 


уха ЗЛИ, 078 Е 
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The nucleophile uses pair of its electrons to make a bond to the carbonyl 


carbon, the electrons of the pi (л) bond is forced out to the oxygen atom to form the 
addition product (an alcohol). 


:OH 
| 
ge 


——______» 


JN 


Ca :OH 
Nu: EE O —————— —» een 


Nu 
19.6.2 Relative Reactivity of Aldehydes and Ketones 


The aldehydes are more reactive than ketonés)toward nucleophilic addition 
reactions because an alkyl group is electron donating group so it makes the carbonyl 
carbon less electrophilic. Hence the carbonyl carbon of ketones that has two alkyl 
groups is less reactive towards nucleophiles as’compared to aldehydes which has only 
one alkyl group. The order of reactivity of aldehydes and ketones is as: 


Qo” ОЁХ ORC 
[|> > Hs > | | 
H^ “нң R^ ^H RA ^R 


Steric effects are:also important in the transition state: The aldehyde has only 
one alkyl (or aryl) group, so the transition state is less crowded while ketone has two 
alkyl (or aryl).groups, so the transition state is more crowded. As a result of the 
greater steric crowding in the transition states, ketones are less reactive toward 
nucleophilic attack as compared to aldehydes. 


19.6.3 Reduction of Aldehydes and Ketones 
Aldehydes and ketones undergo reduction in the presence of different eem. 
agents to produce hydrocarbons, alcohols or glycols. 


19.6.3.1 Reduction to Hydrocarbon (Clemmensen Reduction) 


Aldehydes and ketones produce hydrocarbons on reduction with zinc amalgam 
E Eden conc. НОЕ 
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Í 
Zn-Hg 

=== H5—GHs5 +. H50 
o Н Соас. НС1 ЕН; 3 А 

Acetaldehyde Ethane 

\ 
Zn-Hg 

чей ‘H;— CH,—CH;3 + H,O 
СНБ НЗС CHS 2 3 2 

Acetone Propane 


The reduction of aldehydes and ketones in the presence of zinc amalgam and 
conc. HCl is known as Clemmensen reduction. 


19.6.3.2 Reduction to Alcohols (Reduction with NaBH,) i 
Metal hydrides such as NaBH, (sodium borohydride) or LiAIH, (lithium 


aluminiumhydride) are reducing agents. They reduce aldehydes to primary alcohols 
and ketones to secondary alcohols. 


O 
| 


GIL IC == н cue CH4—CH5— OH 


Acetaldehyde Ethyl alcohol 
i CH, 
Acetone Isopropyl alcohol 
The reduction with NaBH, needs’ 


polar solvents such as water and ethyl 
alcohol. 


19.63.3 Reduction with Carbon Nu 

The carbon in HCN, organometallic comp 
and Grignard’s reagent acts as a nucleophile a 
into various compounds. 


Reduction with HCN 


: Hydrogen cyanide is a weak acid that adds to aldehydes and ketones to form 
cyanohydrin. 


ounds such as RLi, terminal alkynes 
nd can reduce aldehydes and ketones 
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\ OH | 

СИОН BON ee CH,—C——H | 

Acetaldehyde | 
y см Asetaldehyde 
cyanohydrin 


0 OH 
CH;—C——CH; + HCN — — —- CH,—C—— CH, 
Acetone 


Acetone 
cyanohydrín 


CN 


Mechanism 


The conjugate base of HCN is the cyanide ion (:;C=N:) which acts as strong 


nucleophile and strong base. Cyanide ion adds to the carbonyl carbon, giving an | 
alkoxide ion that protonates to produce the cyanohydrin, 


——— —— рь or xm 
CN 
Alkoxide ion 
O -H 
CHACEENIO.————— p N 
каб; 
Cyanohydrin 


Reduction with RMgX 
The reaction of aldehyde or ketone with Grignard's reagent (RMgX) followed 


by protonation in aqueous acid forms a primary, secondary or tertiary alcohol 
containing a new carbon-carbon bond. 


= zc dT I "T = m MÀ ЕЕ 
EF $ 2 
— LE LIA 6 = 


ee ee as 2 
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4 
c Es OMgCI OH 
4 HjO/H- 
] T v Ш н Нев Н СН 
n Cp * CH,—MaCI Humo -Mg(OH)CI 
СН; СН; 
Та Ethyl alcohol 
Formaldehyde Addition Product ae alcohol) 
— + 
Gu OMgCl OH 
+ 
ll: oon с-н НОН. CH4--C—H 
CIL—C—H't CH а ==> CH; C—H -MgOHJCT 3 
xx M aia | 
ш Isopropyl alcoho 
t 
Acetaldehyde Addition Produc (2° alcohol) 
— + 
cue OMgCI OH. 
wee ы H30/H* 
CH E. CH3;— MgCl —> CH3— C —CHA Moa ==C— CH; 
| CH; CH; 
Acetone Addition Product tert.butyl alcohol 
(3? alcohol) 


19.6.3.4 Reduction with Nitrogen Nucleophiles | 
The nitrogen in ammonia and it derivatives acts as nucleophile and can reduce 


aldehydes and ketones into various compounds. 


Addition of Ammonia 
Ammonia adds to aldehydes to form imines. 


C ei 


+ News. —— iC с-н i ii 


Acetaldehyde Imine 


Mechanism i 
Ammonia adds to aldehydes to form addition product, which go through 


elimination of water to produce imines. 
ENSEN FAE E RSA ш! ———— 
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Step 1: 
C : | О H 
C + :N=—H ——» uc C NE 
нс STH | 
H H H 
Acetaldehyde Unstable 
addition protuct 
Step 2: 
i Й :OH | 
H3C сун = HC AR |ы. | 
H H н н | 
:OH 
epe. x 
& | nm | 
H H H 


Addition of Ammonia Derivatives | 
Ammonia derivatives such as alkyl amines, hydroxyl amine, hydrazine and 
phenyl hydrazine reduce aldehydes and ketones to produce a variety of products. 


Addition of Alkyl Amines 
Primary amines add to aldehydes and ketones to form addition product, which 
undergo elimination of water to produce imines. 


loa 
Coni TNR HC—C—N—R + H.O 
Hio ООН | ERU аш я 
н | H 
Acetaldehyde Imine 


Addition of Hydroxyl Amine 
Hydroxyl amine adds to aldehydes and ketones to form addition product, 
EC Which undergo elimination of water to produce oxime. 


ылар. а, 


T Dee ai 
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H 


| + :N—OH —— H,C——C==N—OH + 150 


C 
H4C ii к» Н; 
Н СН; 
Propanone Hydroxyl amine Propanone ox ime 
Addition of Hydrazine 


Hydrazine adds to aldehydes and ketones to form addition product, which 
undergo elimination of water to produce hydrazone. 


| | 
C + 4N—NH; — Нас == М—— NH, + H;0 
He cH, | 
H CH; 
Propanone Propanone hydrazone 


(Acetone hydmzone) 
19.6.3.5 Reduction with Oxygen Nucleophiles 
The oxygen in water, alcohols etc. acts as nucleophile and can reduce 
aldehydes and ketones into various products. 
Addition of water (Hydration) 
Water adds to aldehydes or ketones to produce germinal diol. The reaction is 
catalyzed by an acid or a base. 


i OH 
C " dmm H Acid or base R — oH 
R^ ge | 
H R 
Aldehyde or ketone gem-diol 
i H 
К pu zi б H Acid or base i — OH 
H H 


A 37% solution of formaldehyde in water is known as formalin and i is used to 


инее oe specimens. 
к DLL AEGU P QUU UE T TW Di ERE PEE Oe СТЫН 


ENT DWEGATII E уз RCPS тешу А. 
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| | OH 
\ &ERS Ё. Acid orb J 
foe ee oe ae 
3 
H H 
Acetaldehyde Acetaldehyde hydrate 
(1,1-Ethandiol) 
i OH 
C 4 :0—H Acid or base CH C—OH 
сн “ен, 
H CH; 
Acetone Acetone hydrate 
(2,2-Propandíol) 
Addition of Alcohols 


Alcohols adds to aldehydes (or ketones) in the ргеѕёпсе of dry НСІ to produce 


acetals. This reaction occurs in two steps. Addition. of alcohols to aldehydes (or 
ketones) first produce hemiacetals, which are unstable. Therefore, hemiacetals react 


with the second molecule of alcohol to produce acetals. 


OH OH 


CH,—C—H + CH;—CH, PY, сн Cg 


Acetaldehyde OCH;CH4 
: х Hemiacetal 
OH OH OCH,CH, 


CH,—C— f+ CH,— CH; — e сносно 


OCH,CH; OCH,CH; 
Hemiacetal An acetal 
(1,1-Diethox yethane) 
The acetal on hydrolysis converts back to original aldehyde. 
OCH,CH, ; 


CH,—C—H + 2:0—H EL. cH,—C—H + 2CH,CH,OH 
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Keep in Mind 
An acetal obtained from a ketone is often called ketal. Ketone does not react with 
alcohols readily to form the hemiketals or ketals because of the steric hindrance. 
Acetals are the common compounds. Sucrose (table sugar), cotton fabric etc. are all 


composed of acetals. 


9.6.4 Oxidation Reactions of Aldehydes and Ketones 

Aldehydes and ketones show generally similar behavior toward nucleophilic 
ddition reactions but their behavior toward oxidizing agents is quite different. 
\ldehydes are much more easily oxidized to carboxylic acids than ketones. Ketones 
ire oxidized to carboxylic acids only on drastic conditions. 


[9.6.4.1 . Oxidation of Aldehydes 

Aldehydes can be oxidized by mild oxidizing agents such as silver oxide, 
Ag;O (Tolien’s reagent), and cupric oxide, CuO (Fehling’ solution or Benedict’s 
solution). Aldehydes can also be oxidized by strong oxidizing agents such as 
potassium permanganate or potassium dichromate in acidic medium. | 


O 
CH,—C—H + [0] —EC59: 47° сн, сон 
H5S0; ў 
Acetaldehyde Acetic acid 


•  Tollen's reagent is a mixture of AgNO; and NH4OH. 
e — Fehling's solution is a mixture of CuSO4, NaOH and tartaric acid. 
° — Benedict's solution is a mixture of CuSO4, NaOH and citric acid. 


19.6.4.2 Oxidation of Ketones 

Ketones cannot be oxidized by mild oxidizing agents. They can be oxidized 
only by strong oxidizing agents such as potassium permanganate and potassium 
dichromate at higher temperatures and higher concentrations of acid or base. The 
oxidation of ketones produces mixture of two carboxylic acids, — 


KC r, 20; 
H,SO 


CH3——-C— 0H + H—C— 0H 


CH;—C—CH, + 3[0] 


PoP ERIS aes ELE 


„Acetone 


PEIN ОМУК MINE 
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Glucose and Fructose as Examples of Al 
Aldehydes and ketones (carbony] comp 
important roles in living things. For ex 


dehydes and Ketones 
ounds) are found extensively in nature. They play 
ample, monosaccharides, the simplest carbohydrates, 
are either aldehydes or ketones, with one or more hydroxyl groups. The glucose, a 


monosaccharide, is a six carbon aldehyde with five hydroxyl groups and fructose, a 
monosaccharide, is a six carbon ketone with five hydroxyl groups. 


Em. 
„ЯА ШШШ AMdyde ^ Kus 7 СНОН 
H—6C-—ot« Р ш РОУ. Е ОЕ С 
HO —C—H CIA HO—C—H 
H—C—OH H—C-—-0H 
H—C— OH H ~ C—0OH 
CHOH CH OH 
Glucsoe Fructose 


The monosaccharide is an aldose when it has an aldehyde (RCOH) group, but is a 
ketose when it has a ketone (RCO) group. 


* Aldehydes and ketones are-organic compounds containing carbonyl group as a 
functional group. | 
e Oxidation of primary alcohols produces aldehydes and that of secondary 
alcohols produces ketones. | 
* Aldehydes апа Кеѓопеѕ are polar compounds and interact in ће pure state by 
dipole-dipole-interactions. 
e A Aldehydes-and ketones have higher boiling points and are more soluble in water 
than nonpolar compounds of similar molecular masses. 
They are very reactive compounds due to presence of polar carbonyl group. 
The most characteristic reaction of aldehydes and ketones is nucleophilic 
addition to the carbon-oxygen double bond. They undergo nucleophilic addition 
of hydrogen, carbon, nitrogen and oxygen nucleophiles. 
Ketones are less reactive toward nucleophilic attack as compared:to aldehydes. 
Hemiacetal is formed by the addition of a molecule of alcohol to the carbonyl 
group of an aldehyde or a ketone. Hemiacetals can react further with alcohols to 
___ give acetals and a molecule of water. 


NET ee BEE сй ete 
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e Ammonia and amines (primary aliphatic and aromatic amines) react with the 
carbonyl group of aldehydes and ketones in the presence of an acid catalyst to 
produce imines. Imines have carbon-nitrogen double bonds. | 

e Aldehydes and ketones are reduced to alcohols with reducing agents such as 
sodium borohydride or lithium aluminium hydride. 

e Aldehydes and ketones undergo acid-catalyzed addition of water to give a 
hydrate. 

e Aldehydes are oxidized to carboxylic acids by using oxidizing agents. 


| Multiple Choice Questions / 


Select one answer from the given choices for each question: 
i) The carbon atom of the carbonyl group in aldehydes and ketones is: 


(a) sp hybridized (b) sp hybridized 
(c) sp? hybridized (d) dsp*hybridized 
ii) The general formula of aldehyde 15: 
(a) RCHO (b) RCOH 
(c) RCOR (d) RCOOH 


ili) ^ Which one of the following is the example of mild oxidizing agents? 
(a) Potassium permanganate (b). Potassium dichromate 


(c) Silver oxide "(d) Nitric acid 
iv) Which one of the following һа&ап aldehyde group? 
(a) Vanillin Ou (b) R-carvone 
(c) Testosterone (d) Progesterone 
у) Which one of the following compounds show acidic properties? 
(a) Aldehyde (b) Ketone 
(c) Alcohol | (d) Alkene 
vi) Aldehydes are reduced to: 
(a) Primary alcohols (b) Secondary alcohols 
(c) Tertiary alcohols (d) Dihydric alcohols 


vii) Ketones are reduced to: 


(a) Primary alcohols (b) Secondary alcohols 


| (c) Tertiary alcohols (d) Dihydric alcohols 
viii) Aldehydes are obtained by the oxidation of: 
(a) Primary alcohols (b) Secondary alcohols 


(c) Tertiary alcohols 
Seat Т Nig роьи "ROT амирине ыа СЗ 


DE E 


(d) Dihydric alcohols 


dun II teo tme 
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ix)  Indentify that reagent which reacts with both 
(a) Water (b) Grignard's reagent 
(c) Hydrogen cyanide (d) Tollen's reagent 
x) Which one of the following reagents can oxidize ketones? 
(a) Tollen's reagent (b) Potassium dichromate | 
(c) Fehling’ solution (d). Benedict s solution | 
| Short Answer Questions 
0.1. Why ketones are less) reactive toward nucleophilic attack as compared to 
aldehydes? 
2. What is the similarity between aldehydes and ketones? 
Q.3. What is the difference between an aldehyde and a ketone? 
Q4. Why aldehydes and.Ketones have higher boiling pointsethan those of 
ethers and alkanes? K 
Q.5. Aldehydes have lower boiling points than ketones; ghy? 
Q.6. Which compound has hydrogen bonding, an aldéhyde or ketone? 
0.7. What is the product of the following reaction? 
O e 


aldehydes and ketones. 


CH,—C——H-t—19l 


Q.8. What is the major product ofthe reaction given below? What type of 
reaction is this? L~ 


2 


| Zu-Hg 


9 T H,O 
Conc. HCl ў 


Acetaldehyde 


Long Answer Questions 


Q.l. What аге aldehydes and ketones? Explain nomenclature of aldehydes and 
ketones. | ! 

0.2. Discuss the structure and reactivity of aldehydes and ketones. 

Q.3. What are the physical properties of aldehydes and ketones? 

Q.4. Write down three methods for the preparation of aldehydes and ketones? 

Q.5. Discuss base and acid catalysed nucleophilic addition reactions. 

Q.6. How can aldehyde reacts with the following reagents? 

(i) ^ Hydrogen cyanide 

(ii) ^ Grignard’s reagent 


__ ЧЧ 
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Gii) Ammonia 
(iv Primary amines 
What are the IUPAC names of the following compounds? 


iii)  CH—CH—C—H 


iv). CH,—CH—C—CH, 


CH; 
CH, O он 


v) | CH—CH—C—-CH— CH, 


Write structural formulas for the following compounds: 
i) Butanal 

ii) 2-Methyl-2-hexanal 

ii) | 2-Chlorobutanal 

iv) 2-Bromo-3-chloro-2-methylheptanal 
у) Butanone 

vi) . 2,3-Pentadione 

vii) 2-Phenyl-3-pentanone 

viii) 4-nitroacetophenone 

іх) · 3-Hydroxybutanal 

х) 3-methyl-3-phenylpentanal - 
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20. Nomenclature 

20.2 Physical Properties 

20.3 Structure 

204 Acidity 

20.5 Preparations of Carboxylic Acids 
20.6 Reactivity 

20.7 Reactions of Carboxylic Acids 


Students will be able to: 


* Describe preparation of carboxylic acids by carbonation of Grignard's Reagent, hydrolysis 
of nitriles, oxidation of primary alcohols, oxidation of aldehydes and oxidation of alkyl 
benzenes. (Applying) 


* Discuss reactivity of carboxylic acids. (Applying) 
Describe the chemistry of carboxylic acids by conversion to carboxylic acid derivatives: 


acyl halides, acid anhydrides, esters, amides and reactions involving inter conversion of 
these. (Analyzing) 


Describe reactions of carboxylic acid derivatives. (Applying) 
Describe isomerism in carboxylic acids. (Understanding) 


Introduction 
Carboxylic Acids 


Carboxylic ‘acids are organic compounds containing carboxyl group 
(—COOH) in théir’ structures. Their general formula is R—COOH, where R stands 
for some aliphatic or aromatic group. The name carboxyl is obtained from earbonyl 
and hydroxyl because these two groups are present in the carboxylic acids. The most 
eae chemical property of carboxylic acids, as indicated by their names, is their 
acidity. 

Carboxylic Acid Derivatives | 

Compounds that are obtained by replacing ће hydroxyl group (—OH) of the 
carboxyl group (—COOH) by halogen (—X), alkoxy (—OR), amino (—NH»5) and 
carboxylate (—OCOR) are called carboxylic acid derivatives. There are four types of 
: _ acid derivatives. These are acyl halides, esters, amides, and acid anhydrides. 


re d 
EB 


at CTI 
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i) Асу! halides are obtained by replacing the hydroxy! group (—OH) of the 
carboxyl group by halogen (—X). They are also known as acid halides. 
we i 
R—C—OH У. g—C—Xx 


Carboxylic acid Acyl Halide 
i) Esters are obtained by replacing the hydroxyl group (—OH) of the carboxyl 
group by alkoxy (—OR). 


K= CZ UR 


Carboxylic acid Ester 
ii) Amides are obtained by replacing the hydroxyl group (—OH) of the carboxyl 
group by amino (—NH;). They are also known as acid amides. 


H-NH)) | | 


R C -COH) R (C NH, 
Carboxylic acid Amide 


iv) Acid anhydrides are obtained by replacing the hydroxyl group (—ОН) of the 
carboxyl group by carboxylate (—OCOR). 


' i O 

+(—-OCOR’) | | 
R— C—O a — CR 
СОН) Re 0——C R 

Carboxylic acid Acid anhydride 


| Carboxylic.acids and their functional de 

organic compounds. They are the most abundan 

20.1 Nomenclature of Carboxylic a 
Derivatives 


Both common and IUPAC 
functional group derivatives. 


20.1.1 Nomenclature of Carboxylic acids 
20.1.1.1 Common System 


Carboxylic acids having six or less carbon atoms are often known by their 
common names. The common names of carboxylic acids usually derived from the 
" ERAN a 


rivatives are the important classes of 
t of all organic compounds. 


cids and Functional Group 


names are used for carboxylic acids and their 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Latin or Greek word which indicates the original source of the acid. They do not 
follow any rule except that all common names of acids end in —ic acid. 


Я ‚ 2 M 2: 7 2 : ` , , P. 
lable 20.1: Common Names and Derivations of Some Carboxylic Acids 


Latin: acetum, vinegar 


Greek: propion, first fat 


Substituted carboxylic acids are named by indicating the group and the 
position where such group is bonded. The position of substituents on the chain is 
indicated by Greek letters a, f, y, б, etc. The a-carbon-atom is one which is directly 
bonded to the carbon of carboxyl group. The common names of some substituted 


carboxylic acids are given below: 


NH, O СН» О 
В a | | | Y sl a | | 
CH=CH = CEE OH ) СН ЄН == C OH 
a-Aminopropionie acid -Methylbutyrie acid 
Cl NH, CH О 
Y | p | a 


Сн, CH Н CH = Саон 
B-Amino-y -chloro-a.-methylvalerie acid 


һєср in Mind 


Formic acid is : ants, bees, and other stinging insects. 
Acetic acid is found in vinegar. н gno эй! 
Propionic acid (pro, “the first" and pion, “Їаї?) shows some characteristic. 
properties of larger fatty acids. 

Butyrie acid is found in rancid butter. tite 
Valerie acid got its name from valerian, an herb that has been used as ~ 
sedative since Roman times. ” Ё. 

! Caproie acid is found in goat's milk. ; 


I DM. MEL 


a As a Ж! 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


20.1.1.2 IUPAC System 
Nomenclature of Monocarboxylic acids 

The IUPAC names of carboxylic acids are derived from the names of the 
corresponding alkanes by replacing the ending —e with -oic acid. Hence, the 
carboxylic acids are named as ‘Alkanoic acids.’ For example, if there is one carbon 
atom in the chain of carboxylic acid, it is derivative of methane and its name is 
methanoic acid. If there are two carbon atoms in the chain, then it is derivative of 
ethane and its name is ethanoic acid and so on. Since the carboxyl group lies at the 
end of the carbon chain, hence there is no need to indicate its position. 

In case of substituted carboxylic acids, find the longest chain containing 
carboxyl group and number it in such a way that the carbon of carboxyl group is 
assigned position number one. There is no need to indicate the position of carboxyl 
group because it must always lie at the end of the carbon chain and it is given position 
number one. The carboxyl group takes priority over any of the other functional groups 
when naming them. The IUPAC names of some carboxylic acids are given below: 


escas. | 


H—C—OH ' CH;—C—OH CH= CIE—C-—OH 


Methanole acid Ethanoie acid Propanoic acid 

CH, © Cl о 
3 A il 4 | 2 |l 
CH4—CH —C—OH CH; —CH——CH;—C— OH 
2-Methylpropanoe acid | -  3-Chlorobutanoic acid 
‘CH; NH, О OH NH, CH О 
МЕРЕ" 4 [| 
CH;—CH ——€C— OH CH? —CH — CH — C— OH 
2-Aminobutanoie acid 3-Amino-4-h 


ydroxy-2-methy Ibutanoic acid 
Nomenclature-of Dicarboxylic acids ; А E 


Dicarboxylic acids are also known as 
groups in their structures. Dicarboxylic acids 
acid to the name of parent alkane. There i 
carboxyl groups because they lie at the ends o 


“diacids.” They have two carboxy! 
are named by adding the suffix —dioic 
S no need to indicate the position of 
f the parent chain. 


HOOC——COOH HOOC —CH; —COOH 
Ethanedíoie acid 3 Propanedioic acid 
HOOC——CH;—CH;—COOH 


Butanedíoic acid 
The above three diacids are mo 


VERE EC IPE TENE perra s ELA EE Ew Re LS 


т 


st frequently known by their common names 
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that have accepted by IUPAC. The common names of ethanedioic acid. propanedioic | 

| acid and butanedioic acid are oxalic acid, malonic acid and succinic acid respectively. | 


70.1.2 Nomenclature of Carboxylic Acid Derivatives | 
20.1.2.1 Nomenclature of Acyl halides | 

Acyl halides are named by replacing the suffix “ic acid" of the name of the 
parent carboxylic acid (either the common name or IUPAC name) with "yl halide." 
Common names of acyl halides are given in the parenthesis. 


20.1.2.2 Nomenclature of Amides 

Amides are named by replacing the suffix “ic acid” (in case of common | 
names) or “oic acid” (in case of IUPAC names) of the name of the parent carboxylic | 
acid with *amide." Common names of amides are given in the parenthesis. 


| | \ 
| 
H—C—?¢ CID—C— CI CH4—CH;—C-— Br 
Methanoyl chloride Ethanoyl chloride Propanoyl bromide | 
(Formyl chloride) (Acetyl chloride) ( Propionyl bromide) | 
CH; O 
4 3 2 1 5 4 3 2 1 | | 
CH; —CIH5-——CH5—C6 Bt CH4—CH;26CH —CH, —C — CI 
Butanoyl bromide 3-Methylpentanoyl chloride 
(Butyryl bromide) (B-Methylvaleryl chioride) 


po] 
H—C—NH; >` CH;—C—NH, CH5—CEH5 —C— МН, 
Methanamide Ethanamide - . Propanamide 
(Formamide). < (Acetamide) (Propionamide) 
O O 
а 2 кабык a ee el 
CH4—CH; —CH;—C — NH, CH;—CH —CH;—CH;—C— NH, 
Butanamide 4-Chloropentanamíde 
(Butyramide) (y-Chlorovaleramide) 


20.1.2.3 Nomenclature of Esters 
Their names consist of two words. The first word is the name of the alkyl 

group bonded to oxygen atom. The second word is obtained by replacing the suffix 
ic acid"of the name of the parent carboxylic acid (either the common name or 

. IUPAC name) with “ate.” Common names of esters are given in the pare 


Sa um M JL. Suc xy 
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H-—C—-OCH, CH4—C —OCH4CH; Ch CH= — OCH, 


Methyl methanoate Ethyl ethanoate rel радова 
(Methyl Fonnate) (Ethyl acetate) (Methyl Propionate 


20.1.2.4 Nomenclature of Acid Anhydrides says 

Symmetrical Anhydrides are named by replacing the suffix“acid”of the name 
of the parent carboxylic acid (either the common name or IUPAC name) with 
“anhydride.” Unsymmetrical Anhydrides (or mixed anhydrides) that are obtained 
from two different carboxylicacids, are named by alphabetizing the-names for both 
acids and replacing the word “acid” by the word “anhydride.” Gommon names of 
anhydrides are given in the parenthesis. 


ie {ok 
H—-C—0O—C—H H—C—046C— CH, 
Methanoic anhydride Ethanoicmethanoie anhydride 
` (Formic anydride) (aceticformie anydride) 

BE | 
сн,—с—0——С— CH, — CSH;—CH;—C—0— бш CH, 
Ethanoic anhydride Ethanoiepropanoic anhydride 
(Acetic anhydride) (Acetiepropionic anhydride) 


20.2 Physical Characteristics of Carboxylic Acid 
i) Тһе first six members of carboxylic acid are colourl iqui ; 
ess ] 
members are wax like solids. О Sand higher 
i) The first three members have pungent sm 
g ell, the next six members, up to C ; 
have a smell of rancid butter. The higher members have almost no aan 


iii) The first four memb 
ence embers are completely soluble in water due to hydrogen 


chain increases, 
iv) Melting points of carboxylic acids incre 


ase irregularly with the ; in 
molecular masses. The acids with even У the increase j 


member of carbon atoms have markedly 
S 


higher melting points than odd members. 
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CH;CH;COOH, CH;CH;CH;COOH, 
(3-Carbons, mp = —2 1°C) (4-Carbons, mp = —7°C) 


CH:CH;CH;CH;COOH 
(5-Carbons, mp = —35°C) 


v) The boiling points of carboxylic acids are relatively high due to intermolecular 
hydrogen bonding. They exist in the form of cyclic dimers. 


е: ig 
O----H—0O° 
R—c^ ex 
X CLR 
Sa 522 
Formula: HCOOH CH3COOH CH;CH;COOH 
Boiling point: 10°C 118°C 141°C 


20.3 Structure of Carboxylic Acids and Their Derivatives 

The carbon atom of carboxylic acid and carboxylic acid derivatives is sp? 
hybridized. The three sp^ hybrid orbitals of carbón of carboxyl group forms three 
sigma bonds, one with carbonyl oxygen, one with oxygen of hydroxyl group and one 
with hydrogen atom or other group bonded to it. 


sp? hybridized 


The remaining fourth unhybridized p orbital of carboxyl carbon overlaps the 
remaining p orbital of carbonyl oxygen to from a pi bond. The three atoms or groups 
bonded to carbon of carboxyl group lie in the same plane, and the bond angles 
between the bonded atoms or groups are approximately 120°. Hence, the carboxyl 
group shows trigonal planar geometry. 


20.4 Acidity of carboxylic Acids 

Carboxylic acids are the most acidic organic compounds. The acidic behaviour 
of carboxylic acid can be explained by the points given below: 
i) Тһе carboxylic acid has acidic behaviour because it has ability to give hydrogen 
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O 
O 
/ E 
ж o 
Carboxylic acid Carboxylate 10n 


i) The carboxylate ion is more stable in water than carboxylic acid. The stability of 
carboxylate ion is due to the delocalization of negative charge. Carboxylate ion 
is a resonance hybrid of two equivalent structures as shown below: 


O O 


// 


Y ie 
The conjugate base (carboxylate ion) of carboxylic acid most effectively 


resonance stabilized than alcohol and phenol. The greater the stability of 
resonance hybrid, the greater is the strength of acid. 

The strength of an acid can also be determined by pK, values. The greater the 
value of pK,, the weaker will be the acid. The pK, values of НСІ, H;SO,, 
СНзСООН, C6H;OH, H,O and C,H;OH are -7, —3, 4.75, 10, 14, and 16 
respectively. Hence, carboxylic acids are much stronger acids than water, 


alcohols and phenols but they are not as strong as mineral acids (HCl, H250; 
etc.). 


Mineral acids > carboxylic acids > phenol > water > alcohol 
20.5 Preparations of Carboxylic Acids 
Carboxylic acids are prepared by the following methods: 


20.5.1  Carbonatión of Grignard’s reagent 
Grignard's- reagents reacts with CO, t 


iu) 


hydrolysis gives carboxylic acids. 2 to give addition product which on acid 
о | 
CH,—MgCI + 0—C—0— E HOH, | 

Hal СНз — C—oOH + Mg(OH)Cl 


The carbonation of Grignard's rea i 
: gent is a convenient w l 
or aryl halide to a carboxylic acid. кеште 


20.5.2 Hydrolysis of Nitriles 


(mine 
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ИНИ]. —— НСІ 
R CSN + 2HOH «X ои: NH; 
() 


СНу—С==№ + 2HOH — SL. (cu. сон + ун, 
20.5.3 Oxidation of Primary Alcohols | | 


„ОГА АТА РЯ баз, 
Primary alcohols are oxidized to aldehydes which on further oxidation give 


carboxylic acids, Alcohols undergo oxidation in the presence of K;Cr;O; and H5SO,. 
KMnO; can also be used instead of K;Cr;O;. 


O 
Nor A MCN KCO 
R—CH,—OH + [0] =Ң50, ” Есиен НО | 
‘ : 
О | 
| KCrO | 
R—C—H = [o 747 R—— G> | 
i80, C——OH | 
EY er Ky Cry 
CH3;—CH,—OH + [0] EI CH,—C—H . + 1,0 | 
Ethyl alcohol д, Acetaldehyde | 
У ARCO 
CH;—C—H + LÁ ЕС 
3 LQ) 15,80; a os OH 


| Acetaldehyde x ® Acetic Acid 
20.5.4 Oxidation of 


ie yes cán be oxidized by mild oxidizing agents such as silver oxide 

Б). Aldehydes ean also be oxidized by strong oxidizing agents such as potassium 

permanganate.or potassium dichromate in acidic medium. ptt res 
O 


О 


CH4—C—H + KC 
oe un О нб OEC 


| Acetaldehyde H58O, regem 
m ———— 
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= E. 1 A А” туепез 
5.5 Oxidation of Alkyl Benzen | ТОЧИ | 
е Alkyl groups attached directly to the benzene ring are oxidized into carboxylic 


acid group by oxidizing agents. For example, toluene 15 oxidized by oxidizing agents 


into benzoic acid. 
into 99 — 


+ [0] А ШИ Чай + HO 


Toluene Benzoie acid 
The alkyl benzenes will produce the same product (benzoic acid) whether the 
alkyl side chain is methyl, ethyl or any other alkyl group. The rest of the alkyl side 
chain is converted into carbon dioxide and water. 


20.6 Reactivity of Carboxy! Group 
Carboxyl group is made up of an alkyl group, a carbonyl group and a hydroxyl 
group. Due to the presence of these groups, carboxylic acids show the following types 
of reactions: 
i) The reactions in which hydrogen atom of carboxyl group is involved. Salts are 
formed in these types of reactions. 
ii) Тһе reaction in which an alkyl group is involved. 
iii) The reactions in which carbonyl group is involved. 
iv) The reactions in which hydroxyl group (—OH) is involved. 
v) The reactions in which carboxyl group (—COOH) as a whole is involved. 


20.7 Reactions of Carboxylic Acids 
The important chemical reactions of carboxylic acids are discussed as follows: 


20.7.1 Reactions involving Replacement of —OH Group 

Carboxylic acid derivatives are obtained by the replacement of hydroxyl group 
(—OH) of the carboxyl group (—COOH) by halogen (—X), alkoxy (—OR), amino 
(—NH,) and carboxylate (—OCOR). 


20.7.1.1 Conversion to Acyl Halides (Acid halides) 
Carboxylic acids react with phosphorus halide (РСІ;, PCI) or thionyl chloride 
(ЅОСІ,) to give acyl halides. 


Reaction with Phosphorus Pentachloride 


R—C—OH + PCls———= R—C—€l+ РОС} + HCl 
Carboxylic Acid Phosphorus Acyl chloride | 
pentachloride 
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CH;—-C—OH + PCl ——» cH,—C—Cl + POCI, + HCI 


Acetic acid Phosphorus Acetyl chloride | 
pentaehloride j 


Reaction with Phosphorus Trichloride | 


О | 
3R—C—OH + РЄ ——>» 3R—C—Cl + H;PO, | 
Carboxylic Acid Phospherus Acyl chloride 

trichloride 
O 


3CH,—C—OH + РС — —e 3CH,—C—<CI + HPO, 


Acetic acid Phosphorus Acetyl chloride | 
trichloride 


Reaction with Thionyl Chloride 
O 


R—C-——OH + ОСЬ ——»R-—-C—Cl + SO) + HCI 


Carboxylic Acid Thionyl Acyl ehloride 
chloride 
O | O 
ae ы. 4,8O0Cl ———> CH;—C—Cl + SO, + HCl 
Acetic acid Thionyl Acetyl chloride 
chloride 


All of the reagents combines with carboxylic acids to form acid chloride in 
good yield. Thé best reagent for conversion of carboxylic acids to acid chlorides 1s 
thionyl chloride because it forms gaseous by-products that are easily removed. 
20.7.1.2 Conversion to Acid Anhydrides xt : 

Carboxylic acids react with acyl chlorides in the presence of pyridine to give 
acid anhydrides. 

| \ 
R—C—OH + R—C—Cl Pyridine R——c—o—C—R + HCl 
Carboxylic acid _ Acyl chloride Acid anhydride — = 


SRE Xr ETE Ee 
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| Í Pyridine | O—C—CH, + HCI 
GH,—C—OH + CH;—C— Cl = CH;— , 3 
Acetic acid Acetyl chloride 
Acid anhydrides can also be prepared by strong heat 


the presence of dehydrating agent such as phosphorus xui = 


CH;—C—OH + CH, —C—OH POs CH; —C—0—C— CH; * HOH 
Acetic acid Acetic acid Acetic anhydride 
20.7.1.3 Conversion to Esters уу 
Carboxylic acids react with alcohols in the presence of strong acid like H,SO, 
or НСІ to form esters. This reaction is reversible and is known as esterification. 


Acetic anhydride 
ing the carboxylic acid in 


CH;—C—oH + сн,сн,он 229 e Cy C cH, CH, + HOH 


Acetic acid Ethyl alcohol Ethyl acetate 
Esters can also be prepared by the reaction of-acyl chlorides with alcohols. 


CH =С с CHCH OH- ——»- СНз С —OCH;CH; + НСІ 
Acetyl chloride Ethyl alcohol | Ethyl acetate 
This is one of the best methods to prepare an ester and does not need an acid 
catalyst. 
Esters have fruity smell-and are used as artificial flavours. 
Table 20.2: Esters and their Flavours 


Benzyl acetate” EX Octyl acetate 
EUITDENEUNGSL- Aggie 


Isobutyl formate Raspberry 
Carboxylic acids react with aqueous ammonia to form ammonium salts of 


20.7.1.4 Conversion to Amides 
carboxylic acid, which on heating give amides. This i 
preparation of amides. ны E Мше de 
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СН: СОН + NH; ———»- CH;—CITONHS 
Acetic acid Ammonia Ammonium acetate 
O 
CH,—-C——ONH, SS omic CH; — C —NHg + H,O 


Acetamide 


Amides can also be obtained by the reaction of acid anhydrides with ammonia 
(or amines). 


O 
| 


CH;—UCO0—C—CH; зг 2NH; — б: CH45—C—NH, 4 CH4—C-—ONH, 


Acetic anhydride Acetamide Ammonium acetate 
20.7.2 Summary of Reactions that Interconvert Carboxylic Acids 
Derivatives 


Carboxylic acid derivatives are compounds that can be converted to carboxylic 
acids through simple acidic or basic hydrolysis.,The most important acid derivatives 
are esters, amides, acid halides and acid anhydrides. The carboxylic acid derivatives 
are a family of closely related functional groups. They all (carboxylic acid and their 
derivatives) contain carbonyl groups and many of these can be easily interconverted. 
All of the acid derivatives are converted to carboxylic acids. An acid derivative can be 
converted to a less reactive derivative and it cannot be converted to a more reactive 
derivative. For example, esters. can be converted to amides, but not into acid halides 
or anhydrides. The order of reactivity for carboxylic acid and their derivatives is as: 


O О О О — O) O 
lol — Palat 0S 
R/ Yom “om OR RÍ  ORR Оон N 
Acyl Acid Ester Carboxylic Amide 

chloride anhydride acid 


20.7.21 Interconversíon of Acid Chloride 
Conversion of Acid into Acid Chloride 


| soci 
sf Ca 2 
X = OH or PCI, 


Carboxylic Acid 
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O 
SOCI | 
CH.—C—0H ———^—= CH;—C—Cl 
3 or PCI. 
Acetic acid | Acetyl chloride 
Conversion of Acid Chloride into Acid Anhydride 
| 58| 
ud ри Reco C R + Ha 
Acyl Chloride а Acid anhydride 
\ Í 
CHCOOH 
— е —C—0O—C—CH; + He! 
Acetyl Chloride Acetic anhydride 


Conversion of Acid Chloride into Ester 


| aun 
ee 


R—C—Cl R—C—OCH, + НСІ 
Acyl Chloride Ester | 
| O ons 
CH,0H 
CH;—C—cCl ————» CH4—C——OCH; + НСІ 


Acetyl chloride Methyl acetate 
Conversion of Acid Chloride into Acid 


R—C—c S кс О SHUT 
Acyl Chloride Carboxylic Acid 
сис = FRO 
= C—O CC O 
Acetyl Chloride Acetic Acid 


Conversion of Acid Chloride into Amide 


2NH 
R—C—C| ——+-» R—C—NH, + NH4CI 
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O 


x 2NH y 
ch C—C ——*—> ‘CH; C— NB, + NH,CI 


Acetyl Chloride Acetamide 


20.7.2.2 Interconversion of Acid Anhydride 
Conversion of Acids into Acid Anhydride 


О о 
"EM. cl | 
Rh uaa ОК йс ME 
Carboxylic Acid Acid anhydride 
| шас: i “| 
CHy—C—OH а e CHC GC CH, + НСІ 
Acetic Acid : Acetic anhydride 
Conversion of Acid Anhydride into Ester 
| | 
EE = d: ye ee P Qe 
Acid anhydride < Ester Carboxylic Acid 
NE eae cnn, CH;—C—OCH, + CH; —C—OH 
Conversion of А68 Anhydride into Acid 
BE el i 
R-—¢= gag HO —C—OH + K—C—OH 


Acid anhydride /— Carboxylic acid Casboxylic acid 
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ate of Acid Anhydride into Amide 


2o a Eum + K—C—OH 


Acid anhydride ' Acid amide Carboxylic acid 


a | 


Acetic anhydride Acetamide Acetic acid 


20.7.53 Interconversion of Ester 
Conversion of Acid into Ester | 


О 
ОВЕ ИРА В 
| Б Add au Ester 
| | 
сн, сон = = ie + HOH 


Acetic acid HCl Methy! ‘acetate 
Conversion of Ester into Acid 


| | 
к tn Pl. + KOH 


R—C—O 
Ester на Carboxylic acid - 
O 
| HOH : х 
CH4—C—OCH; — ——*- CH;—C—OH + CHOH 
НСІ 3 
Methyl acetate Acetic acid 
Conversion of Ester into Amide | 
O 
| NH; 
R—C—OCH, —— > рс 
Ester jd SNR Ah THE 
NH, 


CH;—C—OCH, — > e сњ NH, + 
2 T CHOH 
ме кш Acetamíde 
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0.724 Interconversion of Amide 
Conversion of Acid into Amide 


i | 
| NH | 
„Саона p 6 —ONH, + R—C—ÁNH, ино 
Carboxylic Acid Acetamide 
O 
| NH, A 
Ch- COH rcm CH4—C—ONH, LUE. СЕА CNH + Н,0 
Acetic acid Ammonium acetate Acetamide 
Conversion of Amide into Acid 
HOH 
R—C--NH, Hee К ЕСОН NEC 
Acid amide Carboxylic acid 
| HOH | 
CH4—C МН, праг c= CE Op + NH4CI 
Acetamide Acetic acid 


Amides are the least reactive of all the acid derivatives, hence they cannot be 
converted to more reactive derivatives such as ester, acid anhydride and acy] halides. 


20.7.3 Reactions involving Carboxyl Group 
20.7.3.1 Reduction to Alcohols 
Alcohols can be produced by the reduction of carbonyl compounds. Two 
reagents are most commonly used to reduce carbonyl compounds, LiAIH, (lithium 
aluminum hydride), a stronger reducing agent, and NaBH, (sodium borohydride), a 
Weaker reducing agent. NaBH, is used to reduce aldehydes, ketones, alkenes and 
alkynes but this-reagent is not used to reduce carboxylic acids because the carboxyl 
8roup is resistant to reduction. The most common reagent for the reduction of 
carboxylic acids is the most powerful reducing agent, Li AIH;. 

LiAIH, reduce carboxylic acids via aldehydes to primary alcohols. An 
aldehyde is formed as an intermediate during this reduction, but it cannot be isolated 
because it is reduced more easily than the original carboxylic acid. 


O 
1. LiAIH,, ether 
су gy edt g CH=CH ORE Lid + АКОН); 
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Carboxvlic acids on complete reduction with HI in the presence of red 


phosphorus give alkanes. 


O 
CH;—€—OH + 6HI Р > CH,—-€H, + 29,0 + 31, 
Acetic acid Ethane 


20.7.3.2 Decarboxylation Reactions 

The loss of carbon dioxide from the carboxyl group of a molecule is called 
decarboxylation. Decarboxylation of carboxylic acids occur at high temperature in the 
presence of soda lime (a mixture of lime, CaO and caustic soda, NaOH) to produce 
alkanes. 


j 
CH;—C— 0H MOH*CIO, cq — C. ona MORE ER CH + Na CO, 


Acetic Acid . Sodium acetate | Methane 
A carboxylic acid can be decarboxylated«on- moderate heating without using 
soda lime if it contains a carbonyl group p to-the-carboxyl group (B keto group). For 
example, the decarboxylation of 3-oxobutanoic acid occurs at moderate temperature 

in the absence of soda lime and produces'acétone and carbon dioxide. 


an Ot o OE CH a UH. CO, 
SOwobumoiaid. atone 
(Acetoacetic acid), ` 


20.7.4. Reactions of Carboxylic Acid Derivatives 
20,7,.4.1 Reactions of Acyl Halides 
Hydrolysis (Reaction with Water) 
Acyl halides react spontaneously with water to produce carboxylic acids and 
НСІ. The reaction of low molecular mass acid halides with water is fast and that of 
high molecular mass acid halides is slow. This is because the higher molecular mass 
acid halides are less soluble in water. - 
O O 
CH;—C—@] + HOH ———> CH,—C——0H + HOI 
Acetyl chloride Asote asid 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Reduction 


Acyl chlorides are reduced to produce primary alcohols when treated with 
Li AlH,. 


O 
LiAIH, 


CH, —C —CI t 4IH] CH4—CH;—OH + HCl 
Асе уй «өе Ethyl alcohol (15 асб) 

Acid chlorides are more reactive than the other acid derivatives. Either lithium | 
aluminium hydride (stronger reducing agent) or sodium borohydride (weaker | 
reducing agent) converts acid chlorides to primary alcohols. 

Friedel-Crafts Acylation 
Acid halides react with aromatic hydrocarbons in the presence of aluminum 


| 
chloride to form aromatic ketones. In this reaction the hydrogen of benzene is | 
replaced by an acyl group and is known as Friedel-Crafts Acylation. 


| H 2 bus 


AICls 


Си: -С=6Е ees + НЄ 
Acetyl «әне елене | DAAR Кеде 
20.7.4. Reactions of Acid дм 
Hydrolysis 
Acid i ae react AS Sater to produce carboxylic acids. 
O 


СН —C— O C— CH; + HOH ————»- 2CH;——C——OH 
se in dd S C add 
Reduction | l 
2 8g сез s anbydrides to primary alcohols. 


R—C——0-——C——R + &[p] МАНИ, 2R—CH5— OH + H,O 
Asid апу Не IE Ash 


i 
CH,—C—0—C—CH, + 8[H] AM, 2CH4—CH4—OH +-H,O 
„сен. 


АЧЫ! 
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20.7.4.3 Reactions of Esters 
Hydrolysis 
Esters react wit 
catalyzed by strong mineral acids such as НСІ or H2SO4. 


1 water to produce carboxylic acids and water. This reaction is 


Ester Carboxylic acid 
CH4—C—OCH; + HOH aes СН, С ОНЖ CHOH 
Reduction e 
Li AIH; reduces esters to primary alcohols. 
O 
LiAIH 
R—C—OR + 4[H] a 2R— CH, — OH + ROH 
О у 
v, LiA 7 
CH,—C— OCH, dH] > 20H,—CH,— OH + CHOH 
Methyl acetate Ethyl alcohol (1° alcohol) 


Reaction with Grignard’s Reagent 
Esters other.than a formate react with Grignard’s reagent to form ketones 


which reacts further with another molecule of Grignard’s reagent to form tertiary 
alcohol as a final product. 


Step 1: 
qe (Ск 
JE ee dt | 
R—C. OR + CH; MgCl —* рок Rh CCH, 
| Фи MORCA 
CH; 
Ester Unstable Ketone 


A intermediate 
е SIS RT аугаа) уаде 
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Step 2 
: — – + 
C Оё OMgCI OH 
| JP 8- H;O/H * | 
R CCH ECH MgCl — КСО ee Ore 
p | -Mg(OH)CI 
CH4 CH; 
Ketone Unstable intermediate Tertiary alcohol 


The esters namely formates react in the same way with an excess of Grignard's - 
reagents te form seeondary aleahols. 


20.7.4.4 Reactions of Amides 

Hydrolysis: Amides are the most stable of acid derivatives, and.considerably more 
vigorous conditions are needed for their hydrolysis. Amides do not react with water at 
normal conditions. Amides do, however, react with water if the reaction mixture is 
heated in the presence of an acid or base. 


| 
R—C—NH, + НОН — 2099580 6 R—(C—0H + NH; 
Heat 
O 
dorb 
CH,—C—NH, + HOH ie. ==» CH;—C—OH + NH; 
Acetamide : Acetic acid Ammonia 


Reduction: Lithium aluminum hydride reduces amides to primary, secondary or 
tertiary amines, depending on the degree of substitution on the amide. 


m — ШАН, 
CH—CXNH; ОИЕ ———— = CHS CH NE 
Acetamide Ethyl amine (1° Amine) 
CH ;— C—NHCH; * 2[H] =_= СЕ —CH; — NH —CH; 
N-methyl acetamide Ethylmethy! amine (2? Amine) 
LiAIH4 


CH,—C— N(CHg, + 210] —— e CHs—CH;—N— CH; 
-NN-dimahyl osaide Ethyldimethyl amine (3° Amine) 


BSL, NSS Er ST Heed AR 
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20.7.4.5 Reactions of Nitriles 


Hydrolysis 
Nitriles are stable compounds than amides and esters, hence they are hard to 
hydrolyze. They, however, require severe conditions for hydrolysis. Nitriles are 
hydrolyzed to carboxylic acids when heated with water in the presence of an acid or 
alkali. They first produce an amides, which are then hydrolyzed to carboxylic acids. 
O O 
i as | cid or base 

RCS ne р Ес NH, TN ĉe R—C— OH + NH; 

Alkyl cyanide Acid amide cal Carboxylic acid 
| 


Acid or base 


Acid or base CH;—S€— OH + NH, 


CH,—CzN 2090728, CH.——C— NH; 
acu НОН IU ре ts SCHO Heat Acetic acid Ammonia 

Reduction | "i | | 

Lithium aluminum hydride reduces nitriles to primary amines. 

LiAlH, 
RE —NEE —^ ЕЕ 
4[H] Ee К —^CH; — МН, 
Methyl cyanide £ N Ethyl amine (1° Amine) 


Reaction with Grignard's Reagent V 
Nitriles react with Grignard's reagent to form ketimines, which on acid 


hydrolysis gives ketones. — ^ 
ó- т еду 
ST jns \ 
E a+ 2 + 
CHy e Сн, MeCI—- CH;—C—cH, 09. oy —C— CH, + NH; 
: Сл 2» -Mg(OH)CI z ns : 
Месу улыс ^ Ketümime Dimethyl ketome Ammon? 


Sources and Uses of Carboxylic Acid 
Most of the simpler saturated carboxylic aci i i 
products that give them a distinct dm rs cd ч E E i 
antibacterial and antifungal preservatives and as aa x ues o ee 2 J 
pharmaceutical products, If the acids are not present in foods Шеш ==” 
A рамки. ae in insect stings and nettles, Itis m n d M 

4 Acetic tic acid is ound in vinegar. It ts used in food preservation. it es ces to | 

Camere cn = ae 


> === SS ee ee = 
а —M—— +—. 
hed — 


—— 


AU rw kee уыл ы 
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| preserve fruits and vegetables. It stops the growth of t 
d)  Butyric acid is found in butter. It is respo 
odour of sweat. 

jv) —Palmiticacidis found in palm oil. 

yv) Stearic acid is found in chocolate, waxes. soaps, animal fats and oils. 

| vi) | Oxalicacidis found in spinac! and some other plant foods including rhubarb. It is used 

| asa cleaning agent for rust stai 15 on fabric and porcelain. | 
vi)  Citricacidis found in citrus fruits such as lemons. limes. огап ges, grape fruits as well as | | 
| pineapple and tomatoes. It is also found in tea, cocoa and pepper. It is used as | | 
preservative and flavouring agent in both foods and soft drinks. | 
viii) Malicacidis found in many unripe fruits such as green apples and pears. It is also found | 
| in plums, currants, etc. | 
ix)  Tartaric acid is found in grapes, bananas, potatoes and tamarinds. 10358150 found in | 


wine and molasses. The tartaric acid in the wine contributes to the tartness ofthe wine, 
along with malic acid. : 


j)acteria. | 
nsible for the smell of rancid butter and to the 


| 
i 
| 
| 


| 
| 
| 
| "n 
| X)  Lacticacid is found in sour milk such as laban, yougurt, kefirand koumiss. Lactic acid 
| is used as preservative to prevent microbial growth. | 
| xi) | Benzoicacid is found in berries, plums, prunes, etc. 

Xil)  Adipic acid is found in beets and sugar cane. Е 
xiii) Tammie acid is found in the bark of number of trees. It has been used for tanning. It is 
| now used for the staining of wood and is also usedwhen dyeing cotton. 
xiv) Amino acids are the special form of carboxylic acids. Amino acids are very important 
because groupings of amino acids make up the proteins. The skin, hair and muscle is 
composed of protein. 2 


e Carboxylic acids are organic: compounds having carboxyl group (—COOH) as | 
furictional group. They áre of two types: (i) aliphatic carboxylic acids and (ii) | 
aromatic carboxylic acids. | | 

* In aliphatic carboxylic acids, an alkyl group or hydrogen atom is directly 
attached with the carbon of carboxyl group. In aromatic carboxylic acids, an aryl 
group is direetly attached with the carbon of carboxy] group. 

*  Carboxylié acids are prepared by oxidation aldehydes, alcohols and alkyl 
benzenés; They can also be prepared by hydrolysis of nitriles. 

* They have higher boiling points than their corresponding alcohols. Boiling point 
increases with increase in the molecular mass. 

* The reaction of a carboxylic acid with excess alcohol and an acid catalyst is 
called a Fischer esterification. 

LJ 


The derivatives of carboxylic acids are: (i) acid halides (ii) acid amides (iii)esters 
(iv) acid anhydrides. 


- Lower members of carboxylic acids are water soluble and have pungent 
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cu =O 


iil) CH =U C 


OH 
O 


i) CH,—CH—-C—OH 
СН; 


CL. "NH О 


v) ы е 

Write structural formulas for the following compounds: 

i) Propionic acid 

i) ^ Valeric acid 

iit) Lactic acid 

iV) | Phenylacetic acid 

v)  2-Chloro-3-phenylpentanoic-acid 

Describe structure, acidity, and reactivity of carboxylic acids. 
Write down five physical properties of carboxylic acids. 

Write down five different methods for preparing carboxylic acids. 


Write short note on-the conversion of carboxylic acids to carboxylic acid 
derivatives (acyl halides, acid anhydrides, esters and amides). 
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Chapter 


21 


| Major Concepts 


21.1 Carbohydrates 
21.2 Proteins 

21.3 Enzyme 

21.4 Lipids 

21.5 Nucleic acids 


21.6 Minerals of Biological Significance 


BAL carning Outcomes: 


Students will be able to: 


(Applying) 


РА 
w 


Explain the basis of classification and structure-futiction relationship of carbohydrates 
(Understanding) 


SE 
Explain the role of various carbohydrates in health and diseases. (Understanding) P 
Identify the nutritional importance and their role as energy storage. (Applying) _ ees 


B 
Explain the basis of classification ў "and structure-function. relationship. of proteins. 


(Understanding) Ax s : ieee nue Sarde 
Describe the role of various proteins in maintaining body functions and ы 
importance. (Applying) > Е e эй; SE A $ 


toos j 
digestion of food. (Applying) 
Identify factors that affect enzyme activity such as effect oftempera 
Explain therole ofinhibitors of enzyme catalyzed reactions. (U nde 
Describe the basis of classification and structure-function a 
(Applying) бе 
Identify the nutritional and biological importance of li ids, oe РЕ l 
Identify the structural components of DNA and] RN As | ) 


Recognize the structural differences. between. ı DN ges | 
(single strand), E А 


RelateDNA sequences to its function as storage > of ger 3 


Relate RNA sequence (transcript) to its role in transfer 
(Translation). (Applying) ТО. 


Identify the sources of minerals such as iron, calcium,  phosphoro 


Describe the role of enzyme ‘as biocatalyst and relate this role to various functio E 


ATP etu o 
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Introduction с: АЕ 
Biochemistry is the study of chemical processes associated with living 


oreanisms. Biochemistry is the study of the structures, functions and oD of 
biological molecules (or biomolecules) such as carbohydrates, RU. ee 
lipids, and nucleic acids, the mechanisms of enzyme action, the chemistry of vitamins 
and the energy transformations in the cell. 


21.1 Carbohydrates 

Carbohydrates are the most abundant naturally occurring compounds. They are 
widely distributed in plants and animals. Plants are the major sources of 
carbohydrates. About three-fourths of the dry weight of plants and less than 1% of the 
body weight of animals is made up of carbohydrates. Carbohydrates such as glucose, 
glycogen and starch are the main sources of energy for our brains and bodies to 
function properly. Cellulose, the complex carbohydrate, is also used in plants for 
structural support. ‘ 

The name carbohydrate means hydrate of carbon: and comes from the general 
formula C,(H>O),. The modern definition. of carbohydrates includes 
polyhydroxyaldehydes or polyhydroxyketones . Or - compounds which give such 
compounds on hydrolysis are called carbohydrates. For example, glucose, lactose, 
sucrose, starch etc. They exist mainly: in their hemiacetal or acetal forms. 
Carbohydrates are frequently referred to as saccharides (Sanskrit, Sarkara; Greek. 
Sakcharon; Latin, Saccharum, sugar)-because of the sweet taste of low molecular 
mass carbohydrates. They are synthesized by photosynthesis in green plants and 
algae. WC 
21.1.1 Ciassification of Carbohydrates 

They are divided into three major classes: 

(i) Monosaccharides (ii) Oligosaccharides 

(iii) Polysaccharides 


21.1.1.1 Monosaccharides 


These. are also known as simple sugars or single sugars. The carbohydrates that 
cannot be hydrolyzed into simpler carbohydrates are called monosaccharides. 

СНО * H,0 oe No Reaction 

Their general formula is C,(H5O),. For example, glucose, fructose etc. They 
have three to six carbon atoms. They have sweet taste and are easily soluble in water. 
Monosaccharides are of two types: aldoses and ketoses. 
Aldoses 

Monosaccharides which have aldehydic group are called aldoses, Examples are 
glyceraldehyde and glucose. 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Glucose is also called dextrose, grape sugar or blood sugar. It is present both in 
free and combined states. In free state, it is present in sweet fruits and honey. It is 
present in human blood and urine in small amount. In combined state, it is present in 
disaccharides and polysaccharides. It is the source of energy in our body. The open 
chain and cyclic structures of glucose are: 


HA 


CH,OH 

HIGH 

H OH 
HO—C —H H 
OH Н 
ise 0 | OH H 
CH;OH a= D-Glueese В- D-Glueose 
Open chain structure Cyclic stfuctures - 
Ketoses 


Monosaccharides which have ketonic. group are called ketoses. Examples are 


dihydroxyacetone and fructose. 
Fructose is found in free and бта states. It is used as sweetening agent іп 


confectionary and as a substitute for cane sugar. The open chain and cyclic structures 
of fructose are: AY 


CH,OH 


pue QUI aS CH,OH HOH,C 


нон H CH;OH 


Н СОН HO 


CHOH a-D-fruetose 
Open chain structure | Cyclic structures 


WAAL Oligosaccharides 

The name is derived from Greek word “oligos” meaning “few.” These are 
complex sugars. The carbohydrates which give 2 to 10 molecules of monosaccharides 
on п. hydsnlysis are called Oligosaccharides: Sucrose i raffinose and всогодозо аге the 
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examples of oligosaccharides. On the basis of number of monosaccharide molecules, 

c BMC э. | Я oe Pe ee, АРСР 

they are further divided into disaccharides, trisaccharides, tetrasaccharides and so 
: eulos рг” " > io 

forth. Sucrose, lactose and maltose are disaccharides because they yield two 

molecules of monosaccharides on hydrolysis. 


C,5H550;; d H-O н? C&H15056 T C&H 1505 


Sucrose Glucose Fructose 
Raffinose and rabinose are trisaccharides because they yield three molecules of 


monosaccharides on hydrolysis. 
* м 
CigH32016 + 290 = CoH 1206 + СН206 + СО» 
Raffinose Glucose Fructose Galactose 
Scorodose and stachyose are tetrasaccharides because they yield four 
molecules of monosaccharides on hydrolysis. 


C54H4202, ate ЗНО ———» СеН,Оь 4n СНО, 4-2€6,H;0$6 
21.1.1.3 " Polysaccharides | 

In Greek “poly” means “many.” These? are complex carbohydrates. The 
carbohydrates which give more than 10 molecules of monosaccharides on hydrolysis 
are called polysaccharides. The most important polysaccharides are starch, glycogen 
and cellulose. They are polymers of monosaccharides. They may have hundreds or 
thousands of monosaccharide units. They have relatively high molecular masses. 
They are tasteless amorphous. So ids and are called non-sugars. They are water 
insoluble. The formula of starch-and cellulose is (C4H1905),. The plants store glucose 
in the form of starch whee animals store in the form of glycogen in-the liver and 
muscles, i 


21.1.2 Function of Carbohydrates 
Main functions of carbohydrates are: 

i) They provide energy for the cell activities. 

ii) They are necessary for the regulation of nerve tissue. 

iii) They are used as substrate for respiration. 

iv) Some carbohydrates form a part of genetic materials like DNA and RNA in the 
form of deoxyribose and ribose sugars. 

у) The glucose (in excess) is converted into glycogen (stored in liver), fats (stored 
in body) and non-essential amino acids (protein synthesis diet). They are used 
in times of starvation. 

vi) Тһе heart, brain, kidneys and muscles all need carbohydrates to function. 

vii) | Carbohydrates are constituents of many hormone 


S, vitamins, and enzymes. 
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viii) They form components of bio-molecules which h 
clotting, immunity, fertilization etc. | 

ix) Зоте carbohydrates help to clear the gut and prevent constipation. 

x) Starch contains fibers which play an important role in the process of digestion. . 

xi) They are constituents of all the cellular organelles like cell membrane, 


mitochondria, nucleus, endoplasmic reticulum etc. in one or other way to give 
structural integrity. | | | 


ave a key role in blood 


xii) They (cellulose) provide structural support.to the plant cells. 

xiii), The. exoskeleton (outer skeleton) of arthropods (insects, lobsters, 
crabs,crustaceans, and others) is made of the biological macromolecule chitin, 
which is.a polysaccharide-containing nitrogen. The ‘exoskeleton provides 
support and protection to arthropods. - ЭЁ? A 


21.1.3 Nutritional Importance of Carbohydrates „< 
| Carbohydrates are found in foods such as früits, grains; Vegetables, breads and 
dairy products. Your body uses these foods to make glucose. Glucose is your body's . 
main energy source. They help to fuel your brain, kidneys, heart, muscles and central - 
nervous system. Your body stores excess glucose as glycogen in your muscles and 
liver for later use, such as during exercise. ` qo em e E. 
Carbohydrates provide nutrients for the good bacteria in our intestines that help 
‘us digest our food. They protect our muscles because carbohydrates -are the first 
{ source of energy for our body, without it; protein and fats from our body will be used. 
Low blood sugar (hypoglycaemia) occurs when the glucose levels in the blood - 
drop below normal. While hypoglycaemia is often associated with diabetes, it can be 
caused by a lack of carbohydrates in healthy people. Symptoms of hypoglycaemia 
include tiredness, weakness, light-headedness, confusion and hunger. `` ` 5 
High blood sugar (Hyperglycaemia) occurs when the. glucose levels in the 


lood rise above normal. Hyperglycaemia makes more serious complication to the 
body like heart disease 


E habit and lifestyle surely moves you to get the normal of blood glucose level. 


digesti 
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nce of carbohydrates when glycogen is depleted. 
contain carbohydrates, and starchy vegetable 
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prevent ketosis from occurring. Ketosis is the normal metabolic proce 4 seh When 
| a ә "ates fr { ` cells to 
your body does not have enough carbohydrates from food e E dois for 
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energy, it burns fat in its place. As apart of this process, it ma а - с ar 
TY " * » r S a 
eating a balanced diet, your body controls how much fat it burns you dont 
normally make or use ketones. 


Muscular Activities and Glycogen Storage | : | 
Glucose is an important source for energy. Energy is required for all kinds of bodily 
| processes. Glucose is stored in the human's body as glycogen. In humans the majority of 
_ glycogen is stored in the cells of skeletal muscles (7500 g) and liver (7100 8): However, small 
| amounts of glycogen are also present in the cells of heart, kidneys and brain. The liver will 
store glycogen for a later time when the body requires it for physical activity. The more 
carbohydrate a person eats, the more glycogen muscles store (ultimate extent), and the longer 
the stores will last to support physical activity. 249 | 
| The liver release its glucose into the blood stream to share with other bodily tissues while 
| muscles do not release their glucose into the blood stream directly. During intense activities 
| such as running(marathon race), the muscles glycogen is broken down and released as lactate 
into the blood. Lactate travels to the liver. The liyer'eonvert the lactate back into glucose. 
| Glucose is then return to the muscles to fuel additional activity. The muscles glycogen is 
| important for muscular activities such as running, cycling, weights lifting, climbing hills or 
| stairs, dancing, yoga, football, hockey and push-ups. 


Peoples who run out of muscle glyeogen during an intense activity such as running, they 


| have to slow down to conserve energy. At this stage, their legs cannot go one in front of the 
| other and they are unable to run anymor 


e. Ifthey continue, their glycogen stores will get so low 

that their brain will shut dowattheir body down and even jogging will be almost impossible. 

This can be prevented by eating sufficient quantities of simple carbohydrates both before and 
during intense activities, Es 
Complex Carbohydrates that Provide Lubrication to Elbow and Knee 

..— Complex carbohydrates (starch and cellulose) are very common in animals, plants, and 
bacteria. They aré constituents of cell membranes, as well as subcellular materials of cells. 

They are alsefound in physiological fluids such as bl 
| Many other naturally occurring com 
| biological molecules, such as amino acids, proteins or lipids, by glycosidic linkages of the 
| Sugar residues at their reducing ends to form glycoconjugates, They provide lubrication (0 
; elbow and knee. | 
Glucosamine 


Clucosamine is an aminosaccaride. It hel 
ала shoulder) and thus can improve flexibili 
_Glucosaminoglycans (GAGs) | 

_ Glycosaminoglycans such as chondroitin sulphate (most abundant GAG) ar. jelly-like| | 
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ps in repairing and lubricating }cints (elbow, kne? 
ty and mobility of joints, 
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substances and are found in cartilage, tendons and connective tissues. It helps lubricate the | 
surfaces of joints. Other glycosaminoglycans such as hyaluronic acid are found in synovial | 
fluid (a viscous and slippery fluid found in cavities of synovial joints) that lubricate the joints. | 
The chondroitin sulphate and hyaluronic acid both reduce the friction between the cartilage | 
and other tissues of joints especially elbows and knees and help you to move about freely. | 
Proteoglycans (Mucoproteins) | 
Proteoglycans are proteins that are covalently bonded at multiple sites along the protein | 


chain to glycosaminoglycans. They are found in connective tissues and serve as joint | 
lubricants. | 


21.2 Proteins 


The high molecular mass organic compounds which on complete hydrolysis 
give amino acids are called proteins (Greek, Proteios = first). Proteins are present in 
all the living organism. Life is impossible without protein. They..até present in skin, 
hair, wool, feathers, nails, horns, hoofs, nerves etc. 

The “age of elements in proteins is: 
C— 51%, Н = 7%, О = 23%, N = 16%, S = 1-3%, P= < 1% 
They may have copper, iodine, manganese and zinc. 


21.21 Classification of Proteins 
Proteins are classified into three types.on the basis of physical and chemical 
properties: Simple proteins, compound proteins and derived proteins. 
Simple proteins | 
The proteins which give only amino acids or their derivatives on hydrolysis are 
called simple proteins. Examples of'such proteins are albumins, globulins, legumin, 
glutelins, histones, collagen etc. They are the most abundant proteins in the animals | 
and form about 25-35% of body:protein. 
Albumins are found in blood, egg white, wheat, etc. 
Globulins are found in blood, muscle, potatoes, etc. 
Legumin and collagen are found in connective tissues of body. 
Glutelins are found in wheat and rice. 
Histones are foünd in thymus gland, pancreas and nucleoproteins. 
Compound or Conjugated Proteins 
The proteins which give an amino acid and non-protein group on hydrolysis 
аге called compound proteins. They are also known as conjugated proteins. The non- 
protein group is called prosthetic group. For example, phosphoproteins are conjugated 
(attached) with phosphoric acid and lipoproteins are conjugated with lipids such as 
cholesterol, fatty acids; zo 
Derived Proteins” 
The proteins which are derived from simple and conjugated proteins are called 
derived proteins. For example, poly-peptides and proteases enzymes. 
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21.2.2 Structure of Proteins 


Let us start by looking at the structure of amino acid: 


| 


Tryptophan . 
| 


EN 
Го [Omamine — | Gm) 


. There are four types of proteins on the basis of structure: primary, secondary, 
tertiary, and quaternary structures. | | 


Primary Structure | | 

The sequence of the amino acids in the polypeptide chzià is called primary 
structure. The primary structure is held together by peptide bonds that are made 
during the process of protein biosynthesis. The sequence is described by starting with 
the first amino acid found at the amino terminal (N) and ending with the last amino 
acid found on the carbonyl terminal (C). i | | 


v KE—NE-ES-ED-QR- G3 e 


; Understanding the primary structure of proteins is important because many 
genetic diseases result in proteins with abnormal amino acid sequences, wiii:h caus 
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improper folding and loss or impairment of normal function. The best example of 
primary structure is hemoglobin. 


Secondary Structure 


The regular coiled or zigzag structures of polypeptide chains which are held by 
hydrogen bonding between —NH group and —CO group are called secondary 
structures. Myoglobin is the good example of secondary structure. 

Tertiary Structure 


The three-dimensional twisting and folding of the polypeptide chains results in 
the tertiary structure. The best example of the tertiary structure of protein is 
myoglobin. Insulin, like all other proteins, has primary, secondary and tertiary . 
structures. 

Quaternary Structure 


The structure which is formed by the polymerization of two or more tertiary 
structures is called quaternary structure. The polypeptides may be similar or different 
in them. Most proteins are made from only one peptide chain so they have primary, 
secondary and tertiary structures, but not quaternary structure. All those proteins have 
quaternary structure, which are made from more than one peptide chain. 
Haemoglobin and collagen are among those> proteins which have quaternary 
structures. Collagen consists of three polypeptide chains while haemoglobin consists 
of four polypeptide chains. 


(a) Primary Structure), ` > (b) Secondary Structure 


(c) Tertiary Structure (d) Quaternary Structure 


Every protein in your body has a primary, secondary and tertiary structure, but 
only some proteins have a quaternary structure. 


Scanned with CamScanner 


21.2.3 


FUTURE DOCTORS (TOUSEEF AHMAD) 
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They contain carbon, hydrogen, oxygen and small amount of pias Р 
They are complex biological molecules and are composed OF amino acids, 
Amino acids are linked together by polypeptide bonds. cpi 
They are biological catalysts and catalyse chemical reactions 1n living cells. 
They provide structural support to the cells. 


They secrete hormones. 
They are amphoteric in nature and react with both acids and bases. 


Proteins can be denatured. Denaturing of protein is the disruption of the 
structure (secondary, tertiary and quaternary structures) of protein by heat, 
change in pH or by using strong oxidizing and reducing agents. The coagulation 
of the protein is the most common observation in the denaturing process. For 
example, the coagulation of albumin (the major component of egg white) occurs 
when egg is heated. 


21.2.4 Importance of Protein 


1) 


ix) 


Protein is essential for the formation of protoplasm. 

Proteins play an important role in the contraction of muscles, digestion of food 
and clotting of blood. 

Almost all enzymes are proteins and they acts as organic catalysts. 

Haemoglobin, a protein, transports O; from lungs to the cellular tissues. 

Insulin, a protein, regulates glucose metabolism. 

Myosin, a protein, present in muscles. 

Protamine, a strongly basic protein, present in nucleic acids (i.e. in sperm cells) 
Proteins have great importance in industry. For example, (a) manufacture of 
leather by tanning of hides is done by the precipitation of proteins with tannic 
acid, (b) casein, a protein found in milk, is used in the manufacture of büttons, 
buckles and in the sizing of papers, and (c) gelatine is obtained by heating 
bones, skins and tendons in water. It is used in jelly, glue and photography. 


Nucleoproteins (histones, protamine) act as the carriers of heredity from one 
generation to the other. 
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21.3 Enzymes | 
Enzymes are proteins that act as catalysts to increase the rate of chemical 
reactions. These reactions include respiration, photosynthesis and forming new 
proteins. Examples of enzymes are lipase, zymase, glycosidasé and isomerase. They 
are produced by living cells only but they catalyse (speed up) chemical reactions 
occurring inside and outside of living cells. Without enzymes, many chemical 
processes happen at a very slow rate; at such a slow rate that existence of life is 
practically not possible. An enzyme increase the rate of chemical reaction between 
10* to 10” times. Enzymes are specific in their action. An enzyme catalyses only one 
type of reaction not others. For example, sucrase will hydrolyse only sucrose and 
glucokinase can catalyse only glucose. Enzymes have two parts, namely the protein 
component (part) and the non-protein component. The protein part of the enzyme is 
known as apo-enzyme while the non-protein part of the enzyme is known as co- 
enzyme or co-factor. 


21.3.1 Role of Enzyme as a Biocatalyst 

A natural substance especially an enzyme that initiatés or increases the rate of 
chemical reaction in a living body is called biocatalyst: Enzymes play ап important 
role in the metabolism, respiration, digestion of^foód and other important life 
processes. Our body produces two types of enzymes: the digestive enzymes and the 
metabolic enzymes. The digestive enzymes are responsible for digestion of food and 
metabolic enzymes are responsible for all biochemical reactions that occur in the cell 
of our body. The digestive enzymes and their functions are given below: 


21.3.1.1 Amylase 

This enzyme is made in two. places and are divided into salivary amylase and 
pancreatic amylase. 
Salivary Amylase | 

It is found in the: saliva. It converts 30% of carbohydrates such as starch and 
Sugar present in our food into simple sugars in the mouth. That is why you are advised 
to chew food for a long time. If you chew food (bread) for a long time, it starts to taste | 
Sweet because the amylase present in the saliva breaks down the starch into simple | 
Sugars like glucose and fructose. 
Pancreatic Amylase 

It is present in the pancreatic juice. The pancreatic juice is produced by the 
Pancreas. The pancreatic amylase has the same action as salivary amylase. 


21.3.1.2 Lipase 
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Diesen of fat in the small intestine is helped by bile (bile acid), made in the 
liver Bile is secreted into the intestine, where it breaks down the RE into small] 
droplets that are easier for the lipase enzymes to work on. Bile is not an enzyme. 


21.3.1.3  Protease | 
Protease is a general term used for three main 
enzymes, namely pepsin, trypsin and chymo-trypsin. 
Pepsin is present in the gastric juice of stomach. It 
breaks proteins into peptides. The trypsin and 
chymotrypsin are produced in the pancreas. They are 
released into small intestine through the pancreatic 
duct. When partially digested food moves from your 
stomach into your intestine, trypsin and chymotrypsin 
complete protein digestion, producing simple amino 
acids. 
21.3.2 Factors Affecting Enzyme Activity - 
The factors that affect the activity of enzyme are: 
21.3.2.1 Concentration 3 
It can be explained in two ways: 
Enzyme Concentration ©- 
The rate of reaction increases with.an increase in the concentration of enzyme. 


• The substances like vitamins, 
minerals and water are not 
digested because they are 
already small enough to be 
absorbed by the body without 

_ being broken down. 

e The digestive enzymes cannot 
break down dietary fibre 


For example, the rate of digestion increases by increasing the concentration of pepsin 
(an enzyme). oy 
Substrate Concentration 


The rate of enzymatic reaction is also directly Proportional to the concentration 
of substrate. | 


21.3.2.2 Temperature 


temperature (The temperature at which enzyme activi 
the body of mammals is about 37*C to 40°C. The opti 
different enzymes. 


21.3.2.3 Effect of pH 
Changes in PH will greatly affect the activity 
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neutral and alkaline solutions. The optimum pH v 
found above 10. 


21.3.2.4 Effect of Other Substances 


The enzyme action is increased or decreased by the presence of other 
substances. These substances are: (`) Co-enzymes, (ii) Activators, (iii) Inhibitors 


alue of enzymes has never been 


Co-enzymes 


The non- proteinaceous part of the enzyme is called co-enzyme and the 


proteinaceous part of enzyme is called apo-enzyme. 

Enzyme = Coenzyme + Apoenzyme 

Vitamins are the examples of co-enzymes. The certain enzymes. are unable to 
function without co-enzymes. 
Activators 


Inorganic substances which increase the activity ofan enzyme are called 
activators. For example, Mg ‘and Zn? ions act as activators for the enzyme 
phosphatase and carbonic anhydrase respectively. 

Inhibitors 


The substances which either reduce (inhibit).or destroy the enzyme activity are 
called inhibitors. For example, sulpha drugs, penicillin and streptomycin act as 
inhibitors and cure many infections. $) 


21.3.2.5 Radiation l | 
Enzymes аге generally inactivated by UV light, В-, y-and X- rays. 


21.3.3 Industrial Application of Enzymes 


Enzymes are the most proficient catalysts. Enzymes have a wide variety of 
applications in industries. They are used in food, beverages, cosmetics, detergents, 
leather, agriculture and medicines. They are also used in biofuels and biopolymers. 
Some of the important industrial applications of enzymes are as follows: 


21.3.3.1 Food Industry 


They are used to process carbohydrates, proteins and fats. The enzymes that 
are used in food processing include amylase, lactases, cellulases and lipase. Amylase, 
lactases, and cellulases are used to break complex sugars into simple sugars. Lipase is 
used to break lipids into fatty acids and glycerol. 


21.3.3.2 Beverage Industry 


_ They are used to increase juice yield and decrease energy consumption. The 
pectinase, an enzyme, is used in fruit juice manufacture to break pectins and makes 
juice less viscous. The cellulases and hemicellulases are used to break the plant cell 


ES wall for efficient liquefaction. The number of enzymes such as neutral prote 
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alpha amylase, beta-glucanase, cellulases etc. are used in the industrial production of 


alcoholic beverages like beer, wine, brandy, whiskey and rum. 


21.3.3.3 Detergent Industry 


Enzymes such as proteases, lipases, amylases and cellulases are added to some 
detergents to break or remove the dirt and stains from the cloth fibres. 


21.3.3.4 Leather Industry | 
Enzymes can be applied during different steps of the leather production 
process: soaking, dehairing, dying etc. Proteases are used to remove hair from hides. 
These hides are then treated with pancreatic enzymes to increase the softness of 
leather. 
21.3.3.5 Paper Industry 
The amylases, xylanases, cellulases, laccase, lipase and ligninases are the most 
important enzymes that are used in the pulp and paper processes: They are used to 
lower viscosity, coating paper, remove colour, smooth fibres, enhance water drainage, 
and for softness of paper. Ў 


21.4 Lipids 

The naturally occurring heterogeneous group:of organic compounds of animals 
and plants which are soluble in organic solvents (acetone, benzene, Gel. etc.) but 
insoluble in water are called lipids. Example$ are fats, oils, waxes etc. The word 
‘lipid’ is derived from Greek word *Lipas' which means fats. The fats and oils are the 
most important lipids found in nature. Lipids which are solid at ambient temperatures 
tend to be referred as “fats” while those which are liquid are called *oils". 


21.4.1 Classification of Lipids 

They are classified into the following types: 
Simple Lipids | 

The esters of fatty acids with glycerol are called simple lipids. Examples are 
common fats and oils: | 
Compound Lipids 

The lipids which have radicals in addition to fatty acids and alcohols are called 
compound lipids. Examples are glycerol, phospholipids, lipoproteins etc. 
Derived Lipids 


The lipids which are obtained by the hydrolysis of simple or compound lipids 


are called derived lipids (or associated lipid). For example, sterols, vitamin D, 
terpenes etc. 


Edible Lipids 


The lipids which have fats, oils and w 
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Steroids 


The lipids which have high molecular mass tetracyclic compounds are called 
steroids. Cholesterol is the example of steroids. 


21.4.2 Structure of Lipids (Fats and Oils) 


Fats and oils are the triesters of glycerols with fatty acids. They are known as 
è : te Г v ч - 
triglycerides or glycerides. Lipids nave no single common structure. We will discuss 


the structure of the most common lipid namely triglycerides. Triglycerides contain a 
glycerol molecule attached to three fatty acid "tails". 


5. О CH Os СО Е 
CH—OH + 3R—C—OH —» CH—O—CO—R+3-HOH 


CH,—OH CH,—O—CO—sr 
Glycerol Fatty acid Triglyceride 


The common oils and fats are the mixture of saturated and unsaturated 
triglycerides. The solids or semi-solids triesters of long chain saturated fatty acids 
with glycerol at room temperature are known as fats: 


CH,—0—CO——CH4(CHj), CH; 
CH—0— CO— CHCH))6CH3 


CH; —O—CO—CHCH3);6CH3 


(Fat Molecule) 
The liquid triesters of long chain unsaturated fatty acids with glycerol at room 
temperature are known as oils. г 


CH; —0——€0——CH; — (CH2);__CH——CH (CH); CH, 
CH—-OCO——CH,—(CH2);—CH==CH—(CH));— CH, 


(Oil Molecule) 
214.3 Properties of Lipids 
eel Properties 
1 


Pure fats and oils are colourless, odourless and tasteless. 
Be They may either be liquid or non-crystalline solids. 
_ Ш) They are ins 
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iv) They form emulsions when shake with water in the presence of a base like 


NaOH. 
v) They are poor conductors of heat and electricity and act as excellent insulators 


for the animal body. 


Chemical Properties 
Hydrolysis = p 

The oils and fats give glycerol and fatty acid on hydrolysis 1n the presence of 
enzyme lipase. - 


CH,—0—CO—R CH—OH `` 
CH-——0—CO—R + 3HOH —P*-- CH— OH *3R—C—O0H 
CH,—O—CO—R CH,—OH ' 
Triglyceride Glycerol Fatty acid 
Saponification ; | 
The reaction of fats or oils with NaOH. to give soap and glycerol is called 
| ыз 
Ib —O0——CO—-R (ND —CH5—OH 


Cx Lipase _ Ls : | 
CH—0—CO——R +3 Мөн — —* CH OH E SR——C—ONa 


CH,—0—CO—R 
_ Triglyceride 


Hardening of Oils 


When hydrogen is passed through an unsaturated glyceride (oil) in the 


presence of a nickel catalyst, a saturated glyceride ay is produced This process is 
called hardening of oil or hydrogenation. 


CH, —O—CO—Cy Hay CH; —0— co— Cj 


[one CO enim ar ун d 0e CO Cris 
CH,—6 C0— СНз H,—0—C0— Cy Hiss | 
Glycerol trioleate (an oil) ean 


This reaction is used for the ponesi of ve З 
getable hee | mar arine. 
Hardened oils are also used for making soap and candle Rods Ы = 
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21.44 Nutritional and Biological Importance of Lipids 
Lipid “play an important role in living organisms. 

i) The main role of lipids in your body is to provide energy for muscles and body 
processes. Fat contains 9 calories per gram, whereas protein and carbohydrate 
contain only 4 calories per gram. 

i) Lipids provide energy to digest and absorb food properly. 

iii) Тһе essential lipids (linoleic and alpha-linolenic) cannot be synthesized in your. 
body and must be obtained from diet. They are necessary for regulation of 
blood pressure, blood clotting, livers function, immune and inflammatory 

| responses. They аге necessary for proper development and functioning of the 

| brain and nervous system. They support healthy skin and hair. ( 
iv) Phospholipids, the second most common lipid, are the structural components of 
cell membranes: Membranes in cells are barriers that preverit charged particles 

. and large molecules from moving across them. E e 
v) . Cholesterol, a steroid lipid, serves as the starting material for other important 
molecules in the body; including vitamin D and;bile acids, which. aid in the. 
digestion and absorption of fats from dietary sources. 

vi) * Cholesterol is also used in the synthesis of sex hormones 

vii) They are components of the nervous system. = Jë 

viii) Lipids act as carriers of natural fat-soluble vitamins. such as vitamin A, D, E 

and К from your intestine to the bloodstream: —— ^ 


Hibernating- Animals (Pelar bear, reptiles and amp hibians) 
Accumulate Fat to Meet Energy Resources during Hibernation — 
The food (insects and green plants) is unavailable during the winter months, the animals either 
` | need to migrate to warmer regions or hibernate. Hibernation is the state of inactivity of animals | · 
during winter. During hibernation, the animals will reduce their body temperature, heart rate, 
breathing rate and metabolic rate. All kinds of animals hibernate, from insects and amphibians| . 
to birds and primates. They get out of sight during winter. The hibernators go into a deep sleep |. 


themselves into a deep sleep 
: A XC yet TUI efe 3; 
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21.5 Nucleic Acids | 

The high molecular mass biopolymers of nucleotides are called nucleic acids, 
They are present in the nucleus of all eukaryotic living cells as well as in viruses, 
They are the carriers of necessary hereditary information. They were first isolated 
from the nuclei of puss cells (white blood corpuscles) in 1869 by Friedrich Miescher. 
They were named nucleic acids because: (i) they are present in the nucleus (ii) they 


are acidic in the nature. 


21.5.1 Structural Components of DNA and RNA 

The two main classes of nucleic acids are DNA and RNA. DNA is the master 
blueprint for life and constitutes the genetic material in all free-living organisms and 
most viruses. RNA is the genetic material of certain viruses, butit is also found in all 

living cells, where it plays an important role in certain processes such as the making 

of proteins. The DNA and RNA are formed by large number of nucleotides. 
Nucleotides contain nitrogenous bases, pentose sugars and phosphoric acids in ester 
linkage. 
21.5.1.1  Nitrogenous bases 

Nitrogenous bases are purine _ and pyrimidine derivatives. Pyrimidine 
derivatives: (bases) haversingle: rings, .P3 ir line;h has two: nitrogen. atoms at C1 and C3 
of a six membered ring. 


м2 


en 


Pyrimidine 


The pyrimidine derivatives consist of cytosine, thymine and uracil. 


SS 


Cytosine Uracil n 


Purine derivatives (bases) have double rings 


" It has one ri idi ° dan 
imidazole ring (СУН). Pyrimidine ring an 
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The purine derivatives consist of adenine and guanine. 
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Adenine 


Guanine 


Keep in Mind 


The four different bases in DNA are cytosine (C), on Adenine (A) and 
Guanine (G), while in RNA, thymine is not present and its is taken by Uracil (U). 


21.5.1.2  Pentose Sugar 
Each nucleic acid has a different carbohydrate (sugar) The sugarin DNA 
is D-2-deoxyribose while the sugar in RNA is D-ribose. 


HO К ax no 5 3 Sus 
Ib OH H OH 
2. сМ le SG 
"Сын н INE н! 
М» i HN "4 

| | 
bu H он бн 
Deoxyribose Ribose 


By convention, the carbon atoms in the sugar are numbered from the original 
carbonyl position on the chain using a number plus the prime symbol (7). For 
example, in the deoxyribose sugar, the hydroxyl groups are boded to the 1' 
(pronounced as “опе prime), 3' (three prime) and 5' (five prime) carbon positions. 
21.5.1.3 Phosphoric Acid 

It forms phosphodiester bonds between nucleotides. 


HO——P—OH 


OH 
Phosphoric acid 
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Table 21.1 : Components of DNA and RNA 


[C EXP eo D 
Ser. quen. E cp 
Adenine Adenine 
Guanine Guanine 
Cytosine Cytosine 


Pyrimidines 
Thymine Uracil 
| 
| | 
21.5.2. Nucleic Acid Polymers Ces REN | 


The nucleic acids (DNA and RNA) are polymers of nucleotides. As you know, . 
. components of each nucleotide are pentose sugar, phosphate'group and nitrogenous 
base. The pentose sugar is the central component of the nucleotide. The nitrogenous 
base is attached to the number 1 carbon (right point) of the sugar. The phosphate is 
attached to the number 5 carbon (left point) of the sugar. : 


Nucleotide = Nitrogenous base + Pentose sugar + Phosphate group 


Phosphate Group ай” 
m ` о “ЗЛА снос О 


Pentose D-2-deoxyribose 


5 
CH, CH, 


p 
.CNitrogenous Base’ 
(«J^ (A, C,G,T) 


Nitrogenous Base 
- (А, C,G, U) 


' 1 Pentose Sugar .  Pentose Su 
_(Deoxy ribose) (Ribose) 
< DNA Nucleotide RNA Nucleotide — 


Ра 


Nucleotides can link together by the formation of phosphate ester bonds. The 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


O e 
Phospho- 


diester 
linkage 


-0—P—0 , 


чә 


| Y End 
J Figure 21.3: Phosphodiester linkages in the DNA and RNA 
21.5.3 Storage of Genetic Information 
Nucleic acids are macromolecules that carry out two main functions in the 
cell: Storage of genetic information and synthesis of proteins. Two types of nucleic 
acids specialize in these functions: deoxyribonucleic acid (DNA) and ribonucleic acid 


(КМА). DNA is the genetic material that stores the biological information ia 


se i : À i 
quences of four bases of nucleic acid that are, adenine, thymine, cytosine and 
Suanine. The se : 


th 


anger quence of bases forms genes. Genes are located on chromosomal 
a which runs along the entire length of chromosome. Each gene 


i б + 
occupies a 
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nly provide instructions for making 


iti ; таі 
: n on a chromosome. Genes | 
nir d function of each cell in the body, 


specific p 
4 the structure an 


proteins. The proteins determine 
Hence, genes are responsible for inheritance. 

21.6 Minerals of Biological Importance 
21.6.1 Sources of Important Minerals 


i i i tial in small amounts for the 
Minerals are inorganic compounds that are essen 


ise: The mineral 

maintenance of good health and the prevention of a number of diseases. | , 
that are required in amounts of 100 milligrams or more per day are called the major 
minerals (or macro minerals). They include sodium, potassium, calcium, manganese 
s. The minerals that are 


and the non-metals such as chlorine, sulphur, and phosphoru 
required in amounts of only a few milligrams per day are called the«race minerals 
(micro minerals). They include iron, copper, zinc, selenium, iodine and several others. 
The most important minerals include iron, calcium, phosphorus and zinc. The 
minerals are not synthesized in your body. To meet your ddily requirements, minerals 
must be obtained through your diet. Daily requirements of minerals are often slightly 
different for children, youngsters, and during pregnancy and breastfeeding. The main 
sources of some minerals are: 


Sources of Calcium 
Natural sources of calcium include. dairy products, green leafy vegetables, 


salmon, turnips. spinach, almond, broccoli, cabbage, kale, tofu, apricots, garlic, dates, 
sardines and papaya. / 


Sources of Iron «C 
Natural sources of irom include red meat, poultry, fish, liver, legumes, egg 
yolk, dark green vegetables, dried fruits, and whole iron-enriched grains. 


Sources of Phosphorus 
Phosphorus is found in foods that are high in protein. The best sources afe 


dairy product, nuts, seeds, legumes, meat, and fish. 


Sources of Zinc 


Zinc is found in meats, mushrooms, liv ; 
à E > er, ul = 1 5, 
soybeans, milk and other dairy products. poultry, seafood, nuts, whole grain 


Sources of Magnesium 


The natural sources of magnesium ar var Жылы 
€ nuts, seeds, i icots, 
beans, green leafy vegetables, potatoes, banana, milk, and pne Б, dd is 
found especially in plant foods. spinach. Magnesiu 


ese aS 
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ces of Potassium 

Potassium is found in spinach, apples, tomatoes, bananas, strawberries, fresh 
orange juice, papaya, apricots, pineapple, dried fruits, rice, cucumbers, garlic, ginger 
and legumes. 


216.2 Biological Significance of Iron, Calcium, Phosphorus and Zinc 
Biological Significance of Iron 


Iron is an essential mineral. It plays an important role in the production of red 
blood cells of your body. It helps red blood cells to carry oxygen from the lungs to all 
parts of the body. It also plays an important role in immune system. It preyents you 
from feeling tired. The lack of iron in red blood cells causes anaemia.. The symptoms 
of anaemia include weakness, tiredness and.shortness of breath. 


Sour 


Biological Significance of Calcium 
| Calcium is essential for building strong bones and teeth'in children and teens. 
It helps muscles to contract and relax. It is important in blood clotting, blood pressure 
regulation and immune system. It supports nerve transmission and blood pressure 
regulation. Symptoms of calcium deficiency may-include osteoporosis (а condition 
that causes brittle bones in adults), rickets (softening of bones in children), poor 
growth and mental depression. 
Biological Significance of Phosphorus | 
Phosphorus is important for healthy bones and teeth. Above 80% phosphorus is 
located in bones as calcium phosphate in the human body. It has a role in energy 
Production as components of ATP. ATP is readily used to fuel your body's many 
functions. It is a component of the complex nucleic acid structure of plants (DNA and 
RNA), which regulates protein synthesis. It is a constituent of plant cells, essential for 
cell division and development of new tissues. It is essential for repair of body cells 
and tissues, It is required for acid-base balance (regulate pH level) in ше body. It has 
а role in the working of the body's muscular system and is therefore important to the 
beating of the heart. | je 
; The deficiency of phosphorus is relatively uncommon. Phosphorus 
deficiency may cause bone diseases such as rickets in children and osteomalacia 
(Softening of bones) in adults especially in pregnant women. An improper balance 
of phosphorus and calcium may cause osteoporosis (a disease that causes the bones to 
“come weaker and easily broken). The symptoms of phosphorus deficiency may 
Include poor formation of teeth, irregular breathing ранет, ipint stiffness and pain, 


IUS IE x^ oC 


| 
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Biological Significance of Zine | 7 c A 

Zinc is an essential element. It is important for normal nd : Sos d ing, 
the nervous system, and especially for defensive (immune) ien» ета ed for 
cell division, tissue growth and repair. It plays a role in ve Оё own of 
carbohydrates. It enhances the action of insulin. It 1s important for proper sense of 
taste and smell. A lack of zinc may be associated with skin problems, slow healing of 


wounds, loss of appetite, weight loss and decreased ability to taste food. 


iijn Society Technology and Science — > 


Hormones and Their Functions O 
Hormones are chemical substances that act as a chemical messengers п the body. They are 


secreted by specific organs and glands and are travel to their target organs in the bloodstream 
or other body fluids. Hormones control and regulate various biological activities such as 
growth, development, reproduction, energy use and storage;;ahd water and electrolyte: 
balance. For example, insulin is a hormone that is secreted from pancreas and helps to lower | 
glucose levels in the bloodstream and promote the storage of glucose in liver, muscle and other | 
body tissues. Hormones can be classified into three groups based on their chemical structure: 
cholesterol-derived hormones, amino acid-derived ‘hormones and peptide (or protein) 
hormones. О? | 
| The cholesterol derived hormones аге sterdid hormones, They are secreted by adrenal | 

cortex, male and female gonads and the placenta during pregnancy. | 

The amino acids derived. hormones derived from the amino acids tyrosine and | 
| tryptophan. Examples of amino acid-derived hormones include epinephrine, norepinephrine 
_ and thyroxine. Epinephrine and по; epinephrine are synthesized in the medulla of the adrenal 

glands and thyroxine is produced by the thyroid gland. | 
Fee or protein отто ni o amino acids by pcd endocrine glands 

f Pe; 10nies are insulin, glucagon, leptin, ADH and oxytocin. 


- 

Insulin as Protein H i 
"Ph ormone whose deficiency | iabetes 
paare E: y leads to Diabetes| 

ч CN os $ . АРЕ 

end mellitus is disease in which insulin is either not produced by the pancreas (type l| 
k на or 1$ produced in insufficient amounts (type 2 diabetes) КЫ an important 
Pn ene that facilitates glucose transport, promotes glucose storage stimulates 
p synthesis and enhances free fatty acid uptake and storage. Insulin is a described as 


a “key,” which unlocks the cell to allow sugar ` 
insulin deficiency leaves too much sugar i 


S$ of insulin, 


Latino 
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, Macromolecules are made up from small subunits, called monomers. 


* Macromolecules are of two types (i) organic macromolecules (ii) inorganic 
macromolecules. 


e Organic macromolecules are also of two types: (i) biological macromolecules 
(ii) non-biological macromolecules. 
Biological macromolecules are called life molecules. They are also known as 
. biopolymers or natural macromolecules. Examples of biopolymers are: 
carbohydrates, proteins, lipids, DNA, RNA, etc. 
e Carbohydrates are the most abundant biopolymers found on earth. 
e Carbohydrates are further classified into three major classes: 
(i) monosaccharides, (ii) oligosaccharides (iii) polysaccharides. 
Glucose is an aldose and is known as dextrose. It is also known as grape sugar Or 
blood sugar. It is present in honey and sweet fruits. 
Sucrose is oligosaccharides and is found in sugarcane, sugar beet and pineapple. 
Starch is polysacchari@es and is present in whéat, rice, maize, potatoes and 
barley. j 
Proteins are the building blocks of amino acids and are essential components of 
all living organisms. CN ў Е 
Lipids are high molecular mass organic; compounds of animals and plants origin 


Nucleic acids aré the high molecular mass biopolymers of nucleotides. They are 


Фә. 


present in the nucleus of all living cells as well as in viruses. They are the 


Minerals*are inorganic compounds that are essential in small amounts for the 
maintenance of good health and the prevention of a number of diseases. 


|M ultiple C hoice Questions) 

Select one answer from the given choices for each question: 

A large molecule that is made up of small repeating units 15 called: 
(а) Isomer (b Monomer 

_ (c) Micromolecule (d) Macromolecule 
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Which one of the following is « macromolecule: 


Amino acids (b) Sugars 

Lipids (d) Proteins 
СНО), is the chemical formula of: 
(a) Blood sugar (b) Glucose 
(c) Fructose (d) Cane sugar 
The most abundant biopolymer on the earth is: 
(a) Proteins (b) Lipids 
(c) Carbohydrates (d) Nucleic acids 
The reaction between fat and NaOH is known as: 
(a) Hydration (b) Saponification 
(c) Esterification (d) Fermentation 
Which one of the following is the example of conjugated proteins? 
(а) Albumins (b) Histones | 
(c) Phosphoproteins (d) Poly-peptides~ 
Proteins are essential for: v 
(3) Formation of protoplasm (b) Digestion of food 
(c) Manufacture of buttons (d) All of the these 


Which one of the following transports oxygen from lungs to the cellular 
tissues: М? 


(3) Haemoglobin -C b) Nucleoprotein 

(c) Albumins © (d) Globulins 

Which one of the following enzymes is present in the pancreas? 
(а) Pepsin AO (b) Trypsin 

(c) Zymase NX (d) Isomerase 

The mineral, which is essential for immune system: 

(а) Iron e, | (b) Zinc 

(c) Magnesium (d) Calcium 


lOrt Answer Questions 


Why boilin int NU ee 
Мр, 8 points of saturated fatty acid is higher than unsaturated fatty 


What do you mean by carbohydrate? 


. What happens when you eat too much protein? 


Why do weightlifters take amino acids? 
Where enzymes are found? 


dy? 
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What are the three main functions of lipids? 
Why are lipids a better'source of energy? 
Can lipids dissolve in polar solvents like water or not? 


. What is the best solvent for lipids? 
|. What are the two main types of nucleic acids? 


, Long Answer Questions | 
What is biochemistry? Discuss in four to five lines. 
What are carbohydrates? Explain briefly. 

Explain various classes of carbohydrates. 

Write down main functions of carbohydrates. 

What is the Nutritional Importance of Carbohydrates? 
What are proteins? Describe different classes of proteins. 


Write a short note on the properties of proteins. Discuss the importance of 
protein. У 
What аге enzymes? Explain the role of enzymes as a biocatalyst. 

What are the factors that affect enzyme activity? Discuss. 

What are the commercial uses of enzymes; 

What are lipids? Describe the classification of lipids. 

Explain the structure of lipids. | 

Explain briefly the physical and chemical properties of lipids. : 
What is the nutritional апа biological importance of lipids? 

What are nucleic acids? 
RNA? 


What are sources and biological significance of minerals? Describe briefly. 


„Маг are the structural components of DNA and 
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Industrial Chemistry 


Introduction: Introduction to Chemical Process Industry and Raw Materials used. 


22.1 

222 Safety Considerations in Process Industries 

22.3 Dyes 

22.4 Pesticides 

22.5  Petrochemicals 

22.6 Synthetic Polymers (PVC and Nylon) 
22.7 Cosmetics: Lipstick, Nail Varnish and Remover, Hair Dyes 


S S— с? 

Students will be able to: à K 

e Discuss the importance of the chemical industries in the economy of Pakistan. 
(Analyzing) CS 

* Describe the raw materials available instan for various chemical industries. 
(Applying) 3 сү? 

* Describe the chemical processes f addition and condensation polymerization. 
(Understanding) Pon 

* Interpret difference Getveca и and chemicals derived from them. 
(Understanding) . \ 


NO 
e Describe the fractional disti lation and refining of Petroleum. (Understanding) 
e List the various raw materials for Petrochemical industry. (Analyzing) 
* Identify the important fractions. (Analyzing) 


e Describe the basic building block processes in Petrochemi 
(Understanding) chemical technology. 


• Describe the Petrochemical process technology. (U nderstanding) 
e List some major petrochemicals. (Applying) 

e Discuss types and applications of hair d yes. (Applying) 

e Describe the formation and uses of PVC and Nylon. (Apply 


e Describe preparation and applications of various cos 
remover and lipsticks. (Understanding) 


e Describe types and applications of synthetic adhesives. (Understanding) 


ing) 
metics like nail varnish, nail polish 


A 
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Introduction 


industrial chemistry is the branch of chemistry which is concerned with using 
physical and chemical processes towards the transformation of raw materials into 
useful and profitable products. These products are used both as consumer goods and 
as intermediates for the manufacture of other, more complex products, such as 
household appliances, automobiles etc. It plays an important role in our society. It has 
increased the standard of living of people. Life at present without the benefits of 
industrial chemistry would be problematic and of low quality. Industrial chemistry is 
also helpful in bringing prosperity of the nation by increasing the exports; which helps 


in bringing wealth and earning valuable foreign exchange for the country. 


22.1 Introduction to the Chemical Industry and Raw Materials 
Used 
22.1.1 Introduction to Chemical industry 
The branch of economic activity that is concerned wifa he processing of raw 
materials and manufacture of goods in factories is knowm& industry. The industries 
that produce chemicals are called chemical industries, They convert raw materials 
such as oil, natural gas, air, water, metals, and minerals into thousands (more than 

70,000) different products that we use in our day-to-day life. m» 
The chemical industry has touched all.our aspects of life like agriculture, 

environment, food, hygiene, décor, transportation etc. The chemical industry 

provides: | 

i) The chemicals such as preseryatives, taste enhancers and flavours play an 
important role in our food. These chemicals help the food to be edible and 
increase the shelf life (the period of time that a product can be stored and remain 
fresh, useful or suitable for Consumption). 

li) Fertilizers and pesticides to the farmers, which are essential for the crop 
production. P 

iii) Polymers and plastics, which are used in clothing, home décor, PVC piping, 

water tanks and many other things. . 

Medicines and drugs for saving life of peoples and animals. 

v)  Toiletries" such as soaps, detergents, shampoos, body wash, face wash, 
toothpaste, toothbrush, deodorant and many more products that we use every 
day. 

The chemical industry is a very important contributor to the wealth of a country. 

The chemical industry has many challenges which must be overcome in order to help 

society to maintain and improve its standard and sustainable way of living. 

In the Pakistan the average growth in chemical industry sector is recorded to 
about 10.01% during 2014-15 and 2015-16 eras. The major chemical industries of the 
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country include sulphuric acid (the king of chemicals), soda ash, caustic soda, paints. 
varnish, petrochemicals, polymer and plastic products, fertilizers, cement, limestone, 
gypsum, soaps and many more. 

shows some important chemical sector products (Source: 


The table 22.1 
Economic Survey of Pakistan, 2015-16) so the reader can imagine the quantity of 


their production. 


Table 22.1; Production of Selected Items 
{Д ia A vs ап Aun ? : Ir I s Т rine | ` S & е; € reams & 
ae | Gas -. ; hes | Footwear 
is) | ( К. Grams) 


Mostly these products are used up inside the country. ands saves up the valuable 
foreign exchange, but some amount is also exported and. “hus foreign exchange is 


earned bringing up the prosperity of the country. Ж А м^ 


22.1.2 Raw Materials used іп Chemical fudustries 

All chemicals are derived from raw materials available in nature. The price of 
chemicals depends on the availability ‘their raw materials. Major chemical 
industries have therefore developed nd the most plentiful raw materials. The 
natural environment is the source of raw materials for the chemical industry. 


Raw Materíals from the Atmosphere 

The atmosphere is a useful source for raw materials. The six important 
industrial gases that аге, nitrogen, oxygen, argon, neon, krypton and xenon аге 
separated from liquid i by fractional distillation. Nitrogen is the most abundant gas 
and oxygen is the 9E most abundant gas found in the atmosphere. The other gases 
are found in much smaller proportions. 
Raw Materíals from the Hydrosphere 

Seawater is also a useful source of raw materials. Several useful substances 
such as sodium chloride, magnesium, bromine and Sodium hydroxide are obtained 
from seawater. Sodium chloride is an important raw material and is obtained БУ 
evaporating it out from sea water. The electrolysis of aqueous solution of sodium 
chloride (brine) produces three useful products that are hydrogen, chlorine anó 
sodium hydroxide. The electrolysis of molten sodium chloride produces two useful 
products that are > sodium and chlorine, 
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Raw Materials from the Lithosphere 


Lithosphere provides minerals. Minerals are natural compounds formed 
through geological processes. Minerals are very important to us because many of the 
elements such as gold, silver, copper, aluminium and iron are obtained from the 
'earth's crust in the form of mine:al ores. They are used to make automobiles, 
airplanes, computer chips, windows and many more valuable things of our interest. In 
addition to minerals and ores, the products obtained from lithosphere are coal, natural 
gas and crude petroleum. They are important in meeting our energy needs. 

Lithosphere is a source of many valuable gemstones such as diamond, 
amethyst, etc. Gemstones are used in jewellery and other adornments. 


Raw materials from the biosphere 


Before industrialization, we got a majority of our materials. from the biosphere. 
Now it is estimated that we get 70% of all the materials from the lithosphere. The oils, 
fats, waxes, resins, sugar, leather, cotton, wool, silk and- other natural fibres are 
examples of products obtained from biosphere. 


22.2 Safety considerations in Process Ifaustries 
Chemical industries during the manufacture.of materials involve the processing 

of reactive chemicals, flammable liquids, vapours, gases and powders. The safety 
record of the chemical industry is good but uncontrolled fires, explosions and 
chemical reactions can result in hazardous situations, A strategy is required that 
ensures that the chemical manufacturing activities are carried out safely. The 
objective of the strategy is to establish and maintain safe manufacturing practices in a 
manner that is compatible with the plant design, the operating conditions, production 
demands, commercial requirements and economic factors. 

The following safety considerations will help you to ensure the health and safety 
of workers and eliminating chances of damage to machinery and equipment in the 
process industries. 


i) The proper safety training should be given to all workers prior to permitting 
them to. go to work. 


i) Government has to make number of legislations in order to ensure industrial 


safety. 
iii) The safety committee should be made that can help in creating safety 
consciousness. s Жен 


Increase the communication in the workplace. This will encourage employees.to 
communicate about potential problems effectively with one another. This can 
make the work place safer by reducing potential hazards. 
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Take regular breaks while working in industry. Taking regular breaks heip you 
sh and able to stay more alert when working. 

avoid shortcuts. Shortcuts may lead to 


у) 
stay fre 


vi) Use tools and machines properly and | у. 
workplace injury. Furthermore, regularly clean and inspect tool and equipment 


to ensure that it is safe. | 

Keep clear access to equipment shutoffs in case you need to quickly stop them 

from functioning. In addition, place equipment in proper storage areas after use, 

It will help keep the work area and emergency exits clear. 

viii) Wear the correct safety equipment such as safety googles, hard hats, gloves or 
full-face mask for a task. Additionally, check that your safety equipment is safe. 
It significantly reduces your chance of getting injured. 

ix) Extra care should be made for the receipts, storage, handling and disposal of 
chemicals and other hazardous materials. 

x) Fire extinguishers and бге buckets should be provided at~all fire hazardous 
locations. The extinguishers should be inspected, ѕегуісе and maintained. 

xi) Inspection and maintenance of your equipment shouldbe scheduled regularly so 
that your equipment is not only safe to use, but its lifetime is also extended. 

xii) Clear passageways and clean spills to prevént employees from tripping or 
slipping. Likewise, check your workplace$-to make sure there are no holes, 
loose boards, or nails projecting from the floor. 

xiii) Combustible materials should be Stored away from sources of ignition. 
Furthermore, store combustible waste in metal containers and discard it daily. 

Industries that have increased risk of-workplace accidents must be extra attentive 

about potential workplace hazards; They have to implement key safety measures to 

keep their workers happy, healthy-and productive. 


22.3 Dyes j 


| Dyes are organiQxcompounds that are widely used for imparting colour to 
various substrates sds as 
» d 


vil) 


SN paper, leather, fur, hair, drugs, food, cosmetics, waxes, 
greases, plastics addtextile materials. | 

Dyes are nórmally water-soluble or water dispersible organic compounds that 
are capable of being absorbed into the substrate destroying the crystal structure of the 
substance. The dye molecules are usually chemically bonded to the surface and 
become a part of the material on which it is applied. The dyes must have hi gh colour 
intensity. The colour intensity of the dye molecule depends on how strongly it absorbs 
radiation in the visible region, which extends from 400 to 800 nm. The dye should be 


resistant to the action of water. dilute acids and alkalies 
TOS , à es (all the deterge S 
are alkaline in nature). ; im E 
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22.3.1 Chemical Composition of Dye 
A 'yeis made up of two kinds of parts: Chromophores and Auxochromes. 
Chromophores 


They are unsaturated groups. An organic compound looks coloured due to 
presence of these groups. The important chromophores are: = 


i) Nitroso group, —NO 

ii) Nitro group, —NO, 

ii) Azo group NSN 
iv) Ethylene group Pim \ 

v) | Carbonyl group C—O 


^ 


The intensity of colour increases with the number of chromophores ог the degree | 
of conjugation. The compounds that have chremophore groups are called chromogen. | 
Auxochromes | 

The groups that deepen or intensify the colour in the presence of chromophore | 
are called auxochromes (colour,intensifying groups). Example of auxochromes are 
hydroxyl group (—OH), carboxy! group (—COOH), sulphonic acid group (—SO3H), 
amino group (—М№Н›), secondary amine group (—NHR) and tertiary amine group 
(—NR;). These groups impart no colour in the absence of chromophore. A 
chromogen without-an auxochrome can never act as а dye. For example, azobenzene 
although red coloured yet is not a dye; on the other hand, p-amino azobenzene is a 
yellow dye. $ oy | 


Azobeizane 
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22.3.2 Classification of Dyes | | 
There are several ways for classification of dyes. They are classified based on 
their source, application, structure and nature of their respective chromophores. 


i i n Source of Dyes | 
epica ie 5 dyes on the basis = source: natural dyes and synthetic 
dyes. 

Natural Dyes | 

The dyes derived from biological sources such as plants (roots, berries, bark 
leaves, seeds. stem, and flowers). insects (cochineal, lac and tyrian purple), or 
minerals (iron oxide and buff) are called natural dyes. Other organic sources include 
fungi and lichens. The prominent examples of natural dyes are alizarin (red dye) and 
indigo (blue dye). Logwood is a natural dye obtained from pani унап purple is 
obtained from animals and Prussian blue is an inorganic dye obtained from naturally 
occurring minerals. The natural dyes have the limitations: that they have limited 


p 


shades and are not durable. KS 


yw} 
м. AH 


The man-made dyes that are manufactured ifthe — 


laboratory or industry are called synthetic dyes “These Morda i 
dyes are made from petroleum, spe in e nte 
combination with mineral-derived components. 5s 


à ie 
first man-made organic aniline dye Ímauveine, was с ". s chromium 
discovered by William Henry Perkin in 1856. Synthetic |a r 
dyes are used everywhere in everything from clothes to [ion acts as 
paper and from food to woodAThis is because they are |@У@ 
cheaper to produce, brighter; more colour-fast, and easy 
to apply to fabric. Trappes are acid dyes, azo dyes 
basic dyes, mordant dyes; etc. 

224 Pesticide 


The pegfteides are the certain chemicals used toly 
control pests, insects. weeds, fungus etc. They are sy 
generally used on fruit, vegetable and horticulture crops. Wyloi 
. . Although traditional pest control methods were in ap 
history, but with dic increase in human population the de 
food stuff increased many times and a need to control th 
destroy a large part of vegetative 
methods were 
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Dichlorodiphenyltrichloroethane (DDT) was synthesized in 1943, which was found to 
be effectiv* against many insects like mosquitoes. Due to its hazardous nature DDT is 
no longer used now a days, and other chemicals of similar nature but with more safety 
nature Were synthesized of which Aldrin, dieldrin, heptachlor, mirex, chlordane, 
biphenanthrine, tetramethionineetc. are important which have targeted action rather 
than global insecticidal nature, that is they control only desired species and do not 
affect the good helping insects and pests. 


Classification of Pesticides 

The Pesticides are classified on the basis of their action on specific specíes that 
spread disease or affect the crops. Thus some important types of pesticides are: 
Insecticides: The insecticides are the substances that are used to control insects. 
Fungicides: The fungicides are the substances that are used to control the fungus. 
Herbicides: These are the chemicals that are used to control unwanted herbs in the 
crops. 
Miticides: The miticides are used to kill mites and ticks of the crops. 
Rodenticide: A large quantity of crop is damaged by the rodents like rats, mice, 
raccoons. Moreover birds and big mammals also affect the crops adversely. These are 
controlled by the use of chemicals called rodenticides. 
Nematicides: These are the chemicals that control the action of harmful nematodes. 
The nematodes are tiny hair like worms that live in earth and feed on plant roots and 
the juices from plant roots. 
Repellents: These are certain chemicals that repel the harmful pests, insects and 
other mammalians. Ct 


22.5 Petrochemicals 

The chemicals derived from petroleum products and used for a variety of 
commercial purposes are'called- petrochemicals. 

Petrochemicals-can be converted into thousands of industrial and consumer 
Products, including plastics, paints, rubber, pesticides, cosmetics, fertilizers, 
detergents, dyes, textiles and solvents. 


225.1 Raw Materials for Petrochemicals 
A raw material, also. known as afeedstock or most correctly unprocessed 
material, is a basic material that is used to produce goods, finished products, 
= еу, or intermediate materials which аге feedstock for future finished 
ucts, ; 
Petrochemicals are derived mainly from two feedstocks that are natural gas 
d oil refinery streams. m 
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Natural Gas Liquids (NGL) dd 
Natural gas liquids are obtained from natural gas processing plants. They are 


mainly ethane, propane and butanes. They are cracked at high temperatures to yield 
the primary petrochemicals such as ethylene, propylene, butylenes and butadiene, 
Oil Refinery Streams 078 | 

Oil refinery streams are obtained from the fractional distillation of crude oil, 
They include naphtha, kerosene oil or gas oil. They are cracked to produce higher 
ratios of propylene, butylenes and butadiene plus the aromatic products benzene, 
toluene, xylenes along with other co-products. Primary petrochemicals are reacted to 
form secondary petrochemicals, other chemical products, or polymerized to form 
synthetic resins. These in turn are incorporated into a great variety of industrial and 
consumer products. 


Interesting Information 


Feedstocks are the raw hydrocarbons obtained from crude oil refining by distillation, thermal 
and catalytic processes. Natural gas and refinery products are theamajor source of feedstocks) - 
for petrochemicals. WN 

Primary raw materials are naturally occurring substances that’ have not been subjected to 
chemical changes after being recovered. Examples. of primary raw materials for 
petrochemicals include: olefins (ethylene, propylene: б butadiene) aromatics (benzene, 
toluene, and xylenes); and methanol. | 

Secondary raw materials or intermediates are generally produced by chemical conversion оѓ 
primary raw materials to form more complica erivative products. Example of secondary 
raw materials for petrochemicals include“ethylene glycol, polyvinyl acetate, polyvinyl 
chloride, polyethylene resins, phenol formaldehyde resins, etc. 

Final products are obtained from сонау raw materials. Examples are detergents, dyes, | 
cosmetics, solvents, polymers, PES ‚ etc. Final products satisfy our basic needs (clothing, 
shelter, food, health, etc.) and also г ide luxury consumer items. | 


Feedstock — Primary petrochemi als — Secondary petrochemicals — Final products 
22.5.2 Classification of Petrochemical Feedstocks 


Petrochemical feedstocks can be classified into three general groups: olefins, 


aromatics and synthesis gas. e 


. Aromatics | 
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Olefins 


The major components of olefins are ethylene, propylene and butadiene. 
Ethylene is used in the manufacture of antifreeze. detergents, plastics and synthetic 
rubber. Propylene is used in the manufacture of resins, fibres and numerous other 
chemical products. Butadiene is widely used in the production of synthetic rubbers 
and polymer resins. 
Aromatics 


The major components .of aromatic hydrocarbons are benzene, toluene and 
xylene. These aromatic petrochemicals are used in manufacturing sof secondary 
_ products like synthetic detergents, polyurethanes, plastic 


Synthesis Gas (Synthetic Gas) 


Synthesis gas comprises of mixture of carbon monoxide and hydrogen. This 
mixture is used in the manufacture of ammonia and methyl.alcohol. The ammonia is 
further used in the production of urea fertilizer. 


22.6 Synthetic Polymers 


Polymers or so-called macromolecules are high molecular mass compounds 
which are formed either by the addition of many smaller molecules (monomers), as 
polyvinylchloride (PVC), or by the condensation of many smaller molecules 
(monomers) with the removal of water-or alcohol, as nylon. The process by which 
monomers are converted into polymérs' is called polymerization. Polymers may be 
divided into two types that are natural polymers and synthetic polymers. 

Natural polymers also known as biopolymers are derived from natural ' 
sources. Examples of natural polymers are silk, rubber, cellulose, wool, starch, 
Proteins, DNA, etc. : 

Synthetic polymers are man-made 
reaction, often in .a-lab. Examples of s 
Synthetic rubber, nylon, etc. 


22.6.1 Formation and Uses of PVC 


Polyvinyl chloride commonly abbreviated as PVC is formed by the addition oi 


Vinyl chloride monomer units at 52°C and 9 atmosphere pressure in the presence of 
benzoyl peroxide Catalyst. 


and synthetic fibres. 


polymers and are prepared by a chemical 
ynthetic polymers are polyethylene, PVC, 
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PVC is the most widely used plastic after polyethylene. It is used in the 
manufacture of pipes. floor coverings (tiles), bottles, electrical wiring and cables, 
window frames, blood storage bags, stationary, seat coverings, packaging, credit 
cards, synthetic leather, rain coats, shower curtains and many other useful materials, 


22.6.0 Formation and Uses of Nylon | 

Nylons are high molecular mass polyamides. They are of various types such as 
nylon 4,6; nylon 6; nylon 6,6; nylon 6,12; nylon 12; etc. They are the most popular 
synthetic polymers. Nylon 6,6 (read as nylon six, six) is the well-known example of 
nylon. It is prepared by the condensation reaction of adipic acid and hexamethylene 


diamine at about 252°C. 


nHO—C—(CH)),—C—OH + nHN—(CH;)g-— NH, 


Adipic acid | Hexamethylene diamine 
i | a 
| (сни —C NH (CH= Nu L- t (2n-1)H50 
Nylon 6, 6 А, ex 


Nylon 6,6 got its name from its. monomers, adipic acid and hexamethylene 
diamine, each of them providing six carbon atoms. 

Nylon has incredible properties. They have high strength, medium stiffness and 
resistance to high temperature (+85°C), fuel and lubricants and most of the chemicals. 
It is also used in collaboration. of other materials (e.g. with cotton) for more strength 
and durability of the prodüct and is believed to be as strong as the steel metal. 

Nylons are used;~ \ 
i) In the manufacture of carpets, textile fibres and bristles of brushes 
In dress socks, swimwear, activewear, shorts, track pants, windbreakers and 
bedspreads. ~ 
ii) For making elastic hosiery : 
iv) Asa substitute for metals in bearings and gears 
v) For food packaging 
vi) For making rope. 
vii) In tyre cord. 


22.7 Cosmetics | 
We define cosmetics as: the substances used to enhance your natural beauty 
and to promote good health. The cosmetics may also be defined as: any substance to — 
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be rubbed, poured, sprinkled, or sprayed on or introduced into or applied to any part 
of the human body, for cleaning, beautifying, promoting- attractiveness or altering the 
appearance. Cosmetics are useful for making the skin feel soft, healthy and flawless. 
Colour cosmetics products are designed to add colour to the skin and thereby enhance 
the appearance of good health and youth. The colours (pigments) make prominent the 
cheeks, lips and eyes. These are the colours that make cheeks rosy, lips ruby and eyes 
smoky. Colour cosmetics applied to the face to enhance its appearance are often 
called make-up or makeup (For example, lipsticks, eye liners, nail varnish, powder, 
etc.). Recent research has shown that makeup helps in protection from harmful rays of 
the sun. The first known people who used cosmetics to enhance their beauty, were the 
Egyptians. Currently cosmetics play an important role for both men and 
women. Cosmetics are available in the form of creams, lipsticks, shampoos, hair dyes, 
body wash, eye liners, eye shadows, perfumes, sunscreens, talcum powder, 
toothpastes, nail varnish and remover, etc. 


227.1 Lipsticks 


Lipstick is one of the inexpensive cosmetic products and is most widely used 
by women to give an attractive colour and appearance to lips. They are manufactured 
as moulded sticks. They are made from waxes, oils, pigments and emollients. Other 
important additives are antioxidants, preservatives and fragrances. The waxes used 
include beeswax, carnauba, candelilla wax,-and ozokerite. Oils used include castor oil, 
coconut oil, mineral oil, vegetable oil or petrolatum (petroleum jelly). Some of the 
important emollients that are used in lipsticks are cocoa butter, shea butter, vitamin E, 
and aloe vera. 

The wax gives lipstick its shape and ease of application. Oils are added to 
reflect light and provide shine. Oils give lipstick the ability to be easily applied, 
keeping the wax soft enough for it to be spread easily. Pigments are the colours. They 
give colour to the lipsticks and improve the appearance of the lips. Emollients are 
used to soften and smooth the surface of lips. 

Other important additives are antioxidants and preservatives. Antioxidants are 
used to prevent the lipsticks from becoming rancid. Preservatives are used to exte:.d 
the shelf life of lipsticks. Many manufacturers add little fragrance (perfume) to give it 
ё nice smel] when it is being applied. 

22.7.2 Май Varnish 

Nail varnish is applied to the fingernails or toenails to colour them or make 
them shiny. It is used mainly by women. Nail varnish protect and beautify the nail 
Plates, The correct name of nail varnish is nail lacquer. However,*the terms пай. 
"2rnish, nail polish, nail enamel, nail paint and nail lacquer are used 
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These products are sold in liquid form in small bottles and are applied by painting the 
nail with a tiny brush. Nail varnish is a flexible lacquer that does not easily crack anq 
flake with nail movement. People want brands of nail varnish that are easy to apply 
dry quickly, glossy looking and last a long time without chipping. 

"There is no single formula for nail varnish. Nail varnish is made up of many 
different chemicals. The four major ingredients in most nail varnish brands are resins, 
plasticizers, organic solvents and colouring agents. 

Resins, types of polymers, are the thickening and hardening agents that serve 
as colourless nail protector. There are two types of resins that are used in nail varnish, 
which are hard glossy resins (e.g. nitrocellulose) and soft pliable resins (tosylamide / 
formaldehyde resin). 

Plasticizers (e.g. camphor, dibutyl phthalate, adipates) make the polish more 
flexible after drying and increase its durability. 

Solvents are used to dissolve the ingredients and make the polish spreadable. 
Thé most common organic solvents are ethyl acetate and<butyl acetate. It must dry 
quickly to increase the ease of the nail polish application. 

Colouring agents (pigments) are used to create the colour of each polish. A 
combination of naturally occurring and synthetic’) pigments are mixed together to 
create varying shades. 

Sometimes, nail polish also contains particles such as mica, bismuth, pearl 
essence (guanine) and aluminium powder as sparkling and reflective particles. These 
particles are used to give shimmery look to the polish. 

22.7.3 Nail Varnish Remoyer 

Nail varnish (or nail polish) remover is a powerful solvent that can quickly 
remove polish from the nails, cuticles, and surrounding skin. Nail polish remove 
works by moisturizing the dried nail polish and returns it to its liquid state. Nail polish 
remover mainly consists of volatile organic solvents such as ethyl acetate (a common 
solvent for nail varnish itself) or acetone. They may contain oils, scents and colouring: 
Acetone is one of the main components in nail polish remover. It is found naturally i 
the environment and is produced in the factories. It is a colourless, flammable liquid 
that evaporates easily. The nail polish removers that contain acetone work ve! 
quickly and effectively. But acetone can be harmful to our nails and skins. Aceto 
can irritate nose, eyes, throat, lungs and skin. It can cause our nails to become dry 4" 
brittle. Acetone can also remove artificial nails made of acrylic or cured gel. It is 

Ree co a 
alternatives for poli h possible. Ihe industry has formulated many aceto 

poush removers that contain a variety of diffcvent solvents. Ethy 
acetate and butyl acetate are the two most commonly used solvents for nail polis 
remover currently. Both solvents are colourless, volatile liquids. These solvents ar 
less harsh and toxic than acetone. саа, 
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22.7.4 Hair Dyes 

Hair dyes (also hair colours) are chemicals that are used to change the hair 
colour. The preferred professional term for hair dye is hair colour. 

The first safe commercial hair colour was created in 1909 by French chemist , 
Eugene Schuller, using the chemical paraphenylenediamine. This compound is 
present in all colouring products along with ammonia and peroxide in varying 
proportions. Most hair dyes, in general, contain dyes, modifiers, antioxidents, 
alkalizers, soaps, ammonia, wetting agents, fragrance, and a variety of other 
chemicals used in small amounts that impart special qualities to hair (such as 
softening the texture) or give a desired action to the dye (such as making.it. more or 
less permanent). The dye chemicals are usually amino compounds. Metalwoxides, such 
as titanium dioxide and iron oxide, are often used as pigments as well. 

Types of Hair Dyes 

Hair dyes are classified by the types of colour molecules'used and the length of 
time that they last. There are three main types of hair dyes and they are temporary hair 
dyes, semi-permanent hair dyes and permanent hair dyes. 

Temporary Hair Dyes 

These dyes only coat the surface of the hair? They cannot penetrate into the 
hair shaft. They are easily removed with one or two washings. Temporary hair dyes 
do not contain ammonia, meaning the hair shaft is not opened up during processing 
and the natural colour of hairs is retained once the product washes out. 


longer period of time. 
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small amounts ol other chemicals. 


Side Effects of Hair Dyes | oc i u 

The chemicals used in hair dyes remain at safe levels. However, some of the 
ingredients found in hair dye such as resorcinol and parabens are suspected to 
be endocrine-disrupting chemicals. 


22.7.5 Adhesives жЕ, чш 
An adhesive, also known as glue, is a substance that 18 applied to one surface. 
or both surfaces, of two separate objects that binds them together and resists their 
separation. You use an adhesive to pack gifts, re-join broken materials, connect parts 
of toys, mend shoes, or paste a photograph into an album. Adhesives.have been used 
successfully in a variety of applications for centuries. Currently;.adhesives are more 
important than ever in our daily lives, and their usefulness is increasing rapidly. 


Types of Adhesives 


There are two types of adhesives on the basis of Origin: natural adhesives and 
synthetic adhesives. 
Natural Adhesives ns 
Natural adhesives are those adhesiyés~that are produced or extracted from 

natural resources such as plants or animals.-Examples of natural adhesives are starch. 
dextrin, casein glues, blood albumin glue, natural gums, bees wax and resin (tree sap). 
They are inexpensive, easy to арріууапа have a long shelf life. They develop tack 
quickly but have low strength properties. Natural adhesives have been used since 
earliest times, Ancient Egyptians used flour paste in the making of papyrus (pape! 
reed) and glue made from animal skin and bones for woodworking. Natural adhesives 
“anita Sa eeu at's Ve Mun 

| шга! aghesives corrugated board, envelopes, bottle 
labels, book bindings, cartons, furniture, and lami mot 

NBS, 8, , inated film and foils. 


Synthetic Adhesives 
Synthetic adhesives are those that are n j 
| ves a ot found in nature and are designed aV 
iia s y Sait Ше | Богу or factory. Synthetic BEN une con be 
elastomeric or alloys (hybrid) of Pa composition as thermosetting, thermoplast 
Thermosetting adhesives E. 


They are essentially infusible and insoluble, They show good heat and solvet 


resistance, These materials have 
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Thermosetting adhesives are recommended for use at temperatures from 


93-260" C, They are used tor high load assemblies and severe service conditions such 
as heat, cold, radiation. ete, Examples are epoxies, polyesters, polyamides and 
phenolies, Most materials can be bonded with thermosetting adhesives, but the 
emphasis is on structural applications, These adhesives are usually available as 
solvent-free liquids, pastes and solids, They are available as one-part and two-part 
systems, The two part systems have longer shelf lives. 

Thermoplastic Adhesives 


They are fusible and soluble, They can soften or melt when heated without 
undergoing any chemical change, These material have poor creep resistance and fair 
peel strength (measure of the bond strength of a material), They hardens-upon cooling 
from a melt state, or by evaporation of a solvent, Wood glues are.thermoplastic 
emulsions that are common house hold items, They harden by evaporation of water 
from an emulsion, 


Thermoplastic adhesives are not usually recommended: for use at above 66°C, 
although they can be used up to 90°C in some applications’ They are normally used 
for low load assemblies under mild service conditions, The materials most commonly 
bonded are non-metallic materials, especially wood; ‘ 
leather, plastics and paper, They are not usually. Used 


Keep in Mind 
for structural applications, Examples areg polyvinyl 


aleohol, polyvinyl acetates (PVA), cellulose acetate, Peel strength is the me sul 
polyamides, evanoaerylates and polyacrrftes. They аге |the bond 


available as one-part system. py 
coe or maierials que 
Klastomeric Adhesives <, Ds i , lextile, w w 
Elastomerie adhesives afe based on synthetic or foil, plastic | РУ 
naturally occurring polymers. They have great |1816 sti gth зан ia d is 


toughness and elongation These adhesives are made |Paeltost; through peti 
from polymeric resins-that are capable of high degrees [ave a 
of extension. and Morello They return rapidly to 
their initial. dim mons and shape after the load is 
removed, They ур generally used for their high degree 
of Мау and good peel strength, Their bond 
strengths are relatively low, but flexibility is excellent. 
These adhesives are used in unstressed joints on 
lightweight materials, so they cannot be considered 
Structural adhesives, Most of these adhesives are 
modified with synthetic resins for bonding rubber, 
fabric, foil, paper, leather and plastic films, They are 
ШЕ used as tapes, Elastomeric adhesives. may be 
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and single or multiple part solvent-free liquids or pastes. Examp er, 
nitrile rubber, neoprene, polysulphide and silicones. 


Hybrid Adhesives 

Adhesive hybrids are mad 
elastomeric resins into a single adhesive formu abe 
its high strength is plasticised by the second resin which is usually a thermoplastic or 
elastomer, thus making the alloy tougher, more flexible and more resistant to impact. 
These adhesives are generally stronger over wider ranges of temperature than other 
adhesives. They are suitable as structural adhesives and are used where the highest 
and strictest end-use conditions must be met (irrespective of cost), such as in military 
applications. Materials bonded include metals, ceramics, glass and thermosetting 
plastics. They also have a tendency to bond well to oily substrates. It is believed that 
the oil on the substrate is adsorbed into the formulation and acts as another flexibilizer 
in the adhesive system. Examples are epoxy-phenolics,,epoxy-nylon, epoxy- 
polysulphide and nitrile-phenolic. . 


e by combining thermosetting, thermoplastic, or 
lation. The thermoset resin chosen for 


| Summary of Facts and Concepts Í 


e Industries form the backbone of economy of a country and is directly related with 
the prosperity of a nation. | 
e An important point in establishing ап industry is that the cost of the product must 
be low so the consumers find it easy to use it. 
* To keep the cost low, the raw materials used in industries should be cheap and 
available easily. 
* The chemical industry provides the material and chemical for most of the other 
industries. 
• Many of the chemicals and materials (like cement, fertili 
ет ; zers, drugs, polymers 
etc.) are needed in bulk and are provided by the chemical industry ved id 
• A chemical dye is a substance that is used to colour the different commercial 
qne which makes it attractive, so the buyers like them 
^ е chemical dye molecule consists of two 
: parts, one of the part i tance 
which produces the colour and is called the "Chromogen" ne Deom of 
molecule which regulates the solubility of the dye called “Auxochrome” 
* The pesticides are the chemicals which are used to control pests, insects, weeds, 
fungus and even the rodents to increase the yield of agriculture products | 
* Petrochemicals are chemical derived from petroleum products Examples of 


ents, solvents and paints. 
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e The prosperity of a nation is also determined by the use of its petroleum products. 
e Fibres from the natural sources only cannot meet the needs of humans and 
artificial fibres are prepared to meet their needs. 


e Polymers are the compounds which are formed by the large number of smaller 
repeating units called monomers. 


€: 


Multiple Choice Questions 


Q. Select one answer from the given choices for each question: 
i | Which one of the following statements is true regarding chemical industries? 
(a) Chemical industries provide medicines and drugs for saving life of peoples 
(b) Chemical industries are located near automobile industries 
(c) Chemical industries provide fish and plants to the farmers 
(d) Chemical industries provide infra structure for industries 
ii) Which of the following statements is/are correct? 
(a) Herbicides are used for killing unwanted plants 
(b) Nylon was first introduced as an early substitute for silk 
(c) Excessive use of fertilizers is good for the fertility of soil 
(d) Cotton is an artificial fibre of almost pure cellulose 
iii) Adhesive that become soft on heating аге; 


(a) Thermosetting (b) Thermoplastic 
(c) Elastomeric (d) Hybrid 

iv) Natural adhesives are also known as: 
(a) Bioadhesives (b)- Synthetic adhesives 
(c) Spray adhesives (d) Fabric adhesives 

v) Which one of the following is a synthetic fibre? 
(a) Wool (b) Cotton | 
(c) Silk | (d) Polyester 

vi) What is the fuel that is mostly used to run the buses, trucks and trains? 
(a) Petrol (b) Diesel 
(c) Kerosene (d) Bitumen 

vii) Ethylene is used in the manufacture of: 
(a) Fertilizers (b) Plastics 
(c) Silks (d) PVC 

Vili) Nail polish remover contains: | 
(a) Benzene (b) Acetone. 

(©) Acetic acid (d) Benzoic acid — 
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Henna usually gives you as ade of: | 
(a) Golden yellow (b) Bluish green 
(c) Reddish brown (d) Light pink wo" 
x) The term petrochemical refers to the chemicals derivec 

(a) Gasoline oil only 

(b) Natural gas only 

(c) Crude petroleum only 

(d) Natural gas liquids and oil refinery streams 


Short Answer Questions y 


ix) 


Q.1. What do you know about chemical industry? 

2. Where do colour dyes come from? 

Q.3. How do pesticides affect human health? 

Q.4. What are the most commonly used pesticides? 

Q.5. What are the four major ingredients in nail varnish? 
Q.6.. What are primary and secondary raw materials? 
Q.7. Write down the name of three main fossil fuels? 
Q.8. Give some of the important examples of synthetic and natural polymers. 
Q.9. Name the four most commonly used cosmetic products. 

Q.10. What type of nail polish remover works quickly and effectively? 

Q.11. Define resins. What are the different types of resins used in nail varnish? 
Q.12. Why is wax used in lipstick? 

Q.13. Is there any other name fornail polish? 

Q.14. What chemicals make up nail polish? 

Q.15. Give names of less harsh and toxic nail polish removers. , 

Q.16. Name the four different types of synthetic adhesives. 

Q.17. What is the difference between glue and adhesive? 


Long Answer Questions | 


о ; ; Жыз industrial chemistry? Discuss the importance of industrial chemistry: 
| s éd at is the role of chemical industries in the economy of a country? 
р P ISCUSS various raw materials that are used in chemical industries. 
Q.4. Explain how the lithosphere is an important source of natural raw materials f” 
the chemical industry? 
ds How chemical process safety can be managed in industries? 
Q.6. What are dyes? What is the chemical composition of dyes? How are the) 
Classified on the basis of origin? 
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What are pesticides? Describe its types. 


What is meant by petrochemicals? Describe different types of petrochemicals 
in detail. 


What are polymers? What are natural and synthetic polymers? 


- Write down the formation and uss of PVC and Nylon? 

. What are cosmetics? Explain the role and uses of cosmetics. 

. Describe preparation and applications of lipsticks. 

. Describe preparation and applications of nail varnish and nail varnish 


remo ver. 


. What are hair dyes? What ingredients are most commonly used in hair 


dyes? 


. Discuss types and applications of hair dyes. 
. What are adhesives? Explain different types of adhesives. 
. Explain types and applications of synthetic adhesives: 
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Environmental Chemistry | 


| Major Concepts 


23.1 Chemistry of the Troposphere 
232 Chemistry of the Stratosphere 
23.33 Water Pollution and Water Treatment 


234 Green Chemistry 


Д corning Outcomes S 


Students will be able to: 
Recognize various chemical reactions occurring in the atmosphere. (Understanding) 


Recognize that the release of COx, SOx, NOx, VOCs are associated with the 
combustion of hydrocarbon based fuels. (Applying) 

e Outline problems associated with release of pollutants including acid rain and the 
formation by free radical reactions of hazardous. inorganic and organic compounds 


e.g., PAN. (Analyzing) 

Describe causes and impacts of urban smog. (Analyzing) 

Explain greenhouse effect and global warming as resulting in climate change. (Analyzing) 
Explain the build upto and recognize the adverse effects of ozone in the troposphere. 
(Applying) Vv | * 
Describe the role of CFCs in destroying ozone in the stratosphere. (Applying) 

Describe the role of ozone inthe stratosphere in reducing the intensity of harmful UV 
radiation reaching the earth: (Understanding) 

List possible alternatives to the use of CFCs. (Applying) 

Recognize and describe various water pollutants. (Applying) 


Explain the various parameters of water analysis. (Applying) 
emicals industry, together with their uses. 


» e RS 


List some major products of the petroch 
(Applying) $ 
Introduction 

Environmental chemistry is the study of various chemical phenomena that 
occur in the natural places such as air, water and soil. Environmental chemistry can be 
defined as: the study of sources, reactions, effects, transport and fate of chemical 
substances in the air, water and soil as well as their effects on human health and 
emistry is related w 


EH neni ni 


natural environment. Environmental ch 
р WT TILES LS IIS c 
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agriculture, life sciences, medical sciences, public health, sanitary engineering etc. 
Enviro -ment and its Segments 

Environment is everything that is around us. It belongs to all the living beings 
and thus is, important for all. The environment consists of four segments: lithosphere 
(from the Greek “lithos” for stone), hydrosphere (from the Greek “hydor” for water), 
biosphere (from the Greek “bios” for life, course or way of living) and atmosphere 
(from the Greek “atmos” for vapour and “sphaira” for globe). 


Ionosphere 


а = Y 
os aT 


11-50 km 


uL 


Lithosphere 

The upper rigid And rocky layer of earth’s crust is called lithosphere. It 
includes soil, earth, rocks and mountains. The soil is the most important part of 
lithosphere. The soil mainly consists of complex mixture of minerals, organic matter 
and water. Soil is:used as a medium for agricultural production of crops. It extends to 
the depth of 100-km. 


Hyd rospHere 


The water containing part of our earth is called hydrosphere. It includes 
oceans, rivers, lakes, streams, polar icecaps, glaciers and groundwater reservoirs. The 
earth is called blue planet because about 75% of the earth’s surface is covered by 
water that appears blue from space. Oceans are large bodies of salt water and contain 
about 97% of all water on earth. Salt water is unusable by most land animals. - 
Including humans. About 2% of the earth’s water is stored in glaciers and polar e 
сар: However, only about 1% of the total earth's water is available as a fresh water. 
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It includes surface water, rivers, lakes, streams and ground water. The fresh water is 
used for irrigation (3096), thermal power plants (50%), industry (1276) and for 
domestic purposes (8%). | 


Biosphere > aes 
It consists of the region of earth where all living species exist above as well as 


below sea level (about 10000 m below sea level to 6000 m above sea level). Thus, the 
biosphere denotes the entire realm of living organisms and their interactions. with 
other three segments of the environment, viz., lithosphere, hydrosphere and 


atmosphere. 


Atmosphere 

Atmosphere is the protective layer of gases surrounding the earth, It helps in 
sustaining life on the earth and protecting the earth from the dangerous cosmic rays 
from outer space. It screens the dangerous ultraviolet radiations coming from the sun. 
It plays an important role in maintaining the heat balance of the«earth by absorbing the. 
infrared radiation emitted by the sun and re-emitted from the earth. The major 
components of the atmosphere are nitrogen (78.0896) and oxygen (20.9496), whereas 
the minor components are argon (0.93%), carbon dioxide (0.03%) and some trace 
gases. The component gases of atmosphere are essential for life on earth. For 
example, nitrogen is used by nitrogen fixing bacteria and ammonia manufacturing 
plants (for the preparation of fertilizer), oxygen supports life on earth and carbon 
dioxide is essential for photosynthesis of plants. Furthermore, it is a carrier of water 
from oceans to land. Its thickness is about 500 km above the surface of the earth. 

The atmosphere can be divided into four major regions: troposphere, 


stratosphere, mesosphere and thermosphere. 


Stratosphere — 11t050 
50085 
Thermosphere - 85 to 500 


23.1 Chemistry of the Troposphere  . i 

Troposphere is the nearest to the earth's surface extending up to 11 km. It 
accounts for about 70% of the atmospheric mass. In this region of atmosphere, the 
1umans live and most of the biological activities occur. In this region all the dramatic 
vents of weather (breezes, winds, storms, clouds, lightning; rain, and sunny skies) 


—92 to 1200 


ccur. The jet aircrafts flying at an altitude of about 10 km is still in the troposphere, 
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although near upper limits of troposphere. The temperature in this region decreases 
uniform'v with increasing altitude, reaching a minimum of about —56°C at about 
11 km. The important chemical species in this region are nitrogen, oxygen, carbon 
dioxide and water vapours. Due to the force of gravity, molecules making up the 
atmosphere are most concentrated near earth’s surface. Atmospheric pressure 
decreases with increasing altitude. The average value of pressure at sea level is 
760torr and at 100 km altitude is 0.0023 torr. The порове 15 мән most en 
disturbed by human activities and has the 4mm D ; 

greatest effect on the earth's surface conditions. анди 
Among those effects, air pollution, acid rain, and IPri nary pol 
global warming are particularly important 


ут 


lutants are directly! 
emitted from a source. Examples аге | 
total suspended partieulates (tiny | 
particles of 'smokesdist, f fumes, etc.)| 
and oxides of carbon, nitrogen and | 


npo etn f 


САФ. 


Тһе atmosphere contains various gases. The |sulphur. They“ are emitted from 
numerous chemical and photochemical reactions patel узор industrial units and) 
chaust obe iutomobiles. Secondary 


occur in the atmosphere. The chemical reactions |^ s ee 

tiated ^b lich ted d h | рош (ants are created in the} 

o m | 

ini late eatin A) SS, nbus emica fadsphere as a result of chemical 
reactions. These reactions depend upon A 


(actions such as oxidation, 
composition, temperature, pressure, humidity and 
intensity of sunlight. Evidently different processes 
will be observed under variable atmospheric 
conditions. Diatomic oxygen (0,) splays an 
important role in the troposphere and. ozone (Оз) 
plays an important role in the stratosphere. 


Primary Pollutions 
CO со, 
NO NO, 


Most hydrocarbons 
Most suspended 
particles 


Figure 2 


> 
хр 


photochemical reactions, and 
oxidation that | involve ргітагу | 
pollutants. Examples аге: hydrogen 
peroxide, ozone, peroxyacetyl| 


nitrate (PAN), sulphuric and nitric | 


acids and their salts. 


2: Air pollution 
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The important chemical reactions that occur in the atmosphere are: 


23.1.1.1 Reaction of Oxygen | 

About 21% by volume of the gas in the atmosphere 15 oxygen. Oxygen plays a 
key role in the atmosphere (troposphere) because it is very reactive and acts as а 
strong oxidizing agent. The presence of large amount of oxygen makes the 
atmosphere thermodynamically oxidizing. In the atmosphere, oxygen 15 produced by 
photosynthesis and this oxygen is consumed by animals through respiration. The 
important chemical reactions of oxygen in the atmosphere are: 


Rusting of iron 

Iron and steel rust when, they come into contact with oxygen. and water 
vapours. С 

Iron + Oxygen + Water ——> Hydrated iron (Ш) oxide (rust) 


Formation of ozone 


Diatomic oxygen absorbs an ultraviolet photon and. produces two free radicals 
such as oxygen atoms. Ж 


hv 6 9 
Ox —— Op + Op 


These free radicals react with another molecule of diatomic oxygen to produce 
triatomic oxygen (ozone). 


О) + Ong) + M(N, or O,) —»5 Оз + М 
Where, M is the third body that absorbs excess energy liberated by the ozone 
formation, and thereby stabilize the ozone in the stratosphere. The third body may be 
oxygen or nitrogen. | | | 
23.1.1.2 Reaction of Nitrogen Oxides 
. The important oxides of nitrogen present in the atmosphere are nitrous oxide 
(N20), nitric oxide (NO), and nitrogen dioxide (NO2). They undergo many reactions 
in the atmosphere. both in the presence and absence of sunlight. Nitrous oxide 1s 
produced through the microbial activities while nitric oxide and nitrogen dioxide аге 
produced from the combustion of coal, oil, natural gas and other human activities. The 
NO and NO), collectively designated as NO,. Due to photochemical reactions, NO 
and NO; are converted to HNO3. This nitric acid is removed from air as acid rains. Ол 
the other hand, the HNO; reacts with bases such as ammonia and particulate lime t0 
produce particulate nitrates. The particulate nitrates comes down either by rain fall of 
as a dust. i 
23.1.1.3 Reaction of Sulphur Oxides 
The oxides of sulphur present in the atmosphere are sulphur dioxide (SO) an 
sulphur trioxide (SO3). These are colourless gases and have pungent odour. Some 0 4 


+ 
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the oxides of sulphur are originated from biological processes and from volcanoes 
(6796). The oxides of sulphur are also produced by burning of fuels like coal and 
petroleum. 
$ + 0; ——— so, 


The SO; is then oxidized to SO; in the atmosphere. 
2805 0. — 280, 


The sulphur trioxide, in the presence of water vapours, is converted to 
sulphuric acid (H2SO,). 


50; + H;O H,SO, 


The rate of photochemical oxidation of sulphur dioxide. leading to the 
formation of HSO; aerosol is greatly accelerated in the presence of olefins and oxides 
of nitrogen which are present in photochemical smog. 


23.1.1.4 Reaction of Organic Compounds | 

Generally, organic compounds such as hydrocarbons, aldehydes and ketones  . 
undergo redox and photochemical reactions. The reactions of organic compounds : 
through a series of steps produce secondary pollutants in the atmosphere. The organic 
compounds in the lower atmosphere produce photochemical smog. 


23.1.2 Air Pollutants (CO,, NO,, VOCs, SO,, Оз, PANs) and their 
Harmful Effects 
Pollutants can be defined as.àny substance in air that has harmful effect on 
living organism or their environment. Some of the important air pollutants are: 
(i) oxides of carbon (ii) oxides 'of nitrogen (iii) volatile organic compounds (VOCs) 
(iv) oxides of sulphur (v) ozone. 


23.1.2.1 Oxides of Carbon (CO,) 


The oxides of carbon present in the atmosphere are carbon monoxide (CO) and 
carbon dioxide (CO;). 


Carbon Monoxide 

Carbon monoxide is a colourless, odourless and tasteless gas. It is lighter than 
air and is insoluble in water. It is produced by: 
(i) | Incomplete combustion of fuel, namely coal, gas, charcoal, oil etc. 


LC t —p5 


(ii) It is also produced by forest fires and incineration of biomass (burning of forest 
debris, bushes, crop residue, weeds, and vegetation). 

(iii) Industrial operations such as petroleum refining, paper industry, coal mining, 

electric and blast furnaces. 
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Harmful Effects of CO 


It is extremely toxic 
concentration of CO causes headache, fat | 
exposure is experienced for a longer time. 


and causes suffocation if inhaled. Exposure of high 
igue, unconsciousness and eventually death 


may occur if such 
Carbon Dioxide | 
It is a colourless gas. It is odourless at low concentrations and has a sharp and 
acidic odour at high concentrations. It is soluble in water. It is added to the 
atmosphere through human activities such as the burning of fossil fuels, biomass and 
the production of cement. It is added to the atmosphere naturally through respiration 
system of plants and animal cells, forest fires and eruption of volcanoes. The high rate 
of СО» emissions is because of the deforestation, increase of automobiles and high 
population growth, etc. 
Harmful Effects of CO; 
It is usually considered nontoxic and harmless. But more than 65% of the 
anthropogenic greenhouse effect is attributed to CO; gas. 


23.1.2.2 Oxides of Nitrogen (NO,) 

There are eight possible oxides of nitrogen. Out of these only three oxides 
namely, N20, NO and NO: are the important components of atmosphere. N20 is high 
in concentration in atmosphere but it is not generally considered a pollutant. NO and 
NO» are more significant pollutants and they are usually represented together as NO,. 
NO is а colourless, odourless gas, but- NO, has a reddish-brown colour and pungent 
suffocation odour. The major man-made sources of oxides of nitrogen are combustion 
of coal, oil, natural gas, gasoline and other organic matter. The oxides of nitrogen can 
also be discharged by natural bacterial activity. The average residence time of NO is 
about 4 days and that of NO; is 3 days in the atmosphere. 


Harmful Effects of NO, 

Nitric oxide (NO) and nitrogen dioxide (NO2) both gases are toxic but NO is 
‘less toxic than МО NO, gases cause irritation in the airways and lungs. Long term 
exposure may, cause asthma. These gases also contribute to the formation of fine 
particles and ground level ozone, both of which are associated With adverse health 
effects. Nitrogen dioxide, ozone and hydrocarbon in sunlight form peroxyacetyl 
nitrate (PAN) responsible for photochemical smog. 
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paints, glues, and other products that are used and stored at home and at work. They 
also found in paint thinners, varnishes, air fresheners, cosmetics, Tobacco smoke, 
flooring, carpet, wood preservatives, aerosol sprays and dry cleaning fluids. Some 
common examples of VOCSs that are present in our daily lives are benzene, 
formaldehyde, toluene, xylene, styrene, tetrachloroethylene and ethylene glycol. 


Harmful Effects of VOCs 

Short-term exposure to high levels of some VOCs can cause headaches, 
dizziness, light-headedness, drowsiness, nausea, and eye ала respiratory 
irritation. Long-term exposure to high levels of some VOCs has caused cancer and 
affected the liver, kidney and nervous system. 


23.1.2.4 Oxides of Sulphur (SO,) 

Sulphur dioxide and small amounts of sulphur trioxide are formed during 
combustion of sulphur-containing materials such as fossil fuels. The most important 
and predominant form of sulphur oxides present in the lower atmosphere is SO». It is 
a colourless gas and has pungent odour. It is moderately-soluble in water, forming 
weakly acidic sulphurous acid and tends to form aerosols. It is heavier than air. SO; is 
a colourless solid and has low melting and boiling points. It reacts quickly with water 
to form sulphuric acid tending to form aerosols. These acidic aerosols are eventually 
precipitated as acid rain, snow, sleet or fog but only when they encounter the right 
meteorological conditions. 


Harmful Effects of Oxides of Sulphur 

SO; causes irritation of the) eyes, nose, and throat and premature mortality. 
Sulphur dioxide also causes damage to vegetation, including forests and agricultural 
crops. 


23.1.2,8 Ozone (Оз) 


Ozone is an allotrope of oxygen. It is a pale yellow gas and is fairly soluble in 
Water. It is sweetish in taste. It occurs both in the earth's upper atmosphere and at 
ground level. Ozone affects life on earth in either good or bad ways, depending on 
Where it is found. It acts as pollutant in the biosphere and as protector in the 
Stratosphere. 


Harmful Effects of Ozone 
Ozone is a familiar component of photochemical smog. It causes various health 


Problems. It cause eye irritation, throat irritation, coughing and asthma. It is harmful 
ч үм о plants. It reduces the durability and appearance of i3 a BENGE: 


ea ped a >. 2 Vase 


Scanned with CamScanner 


— MM 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


3.1.2.6 Peroxyacetyl Nitrate (PAN) | | а 
23.1 сар. Зети nitrates (PANs) is a photochemical oxidant and.is the major 


ў :'hemical s s are both toxic and irritating, as the 
component ol photochemical smog. PANS a y 


dissolve more readily in water than ozone. 


Harmful Effects of PANs Bee. | | 
At lower concentration, they cause eye irritation and at higher concentration, 


they cause extensive damage to vegetation. 


23.1.3 Automobile Pollutants and the Catalytic Converter 

The complete combustion in the petrol (or diesel) engine of automobile 
produce carbon dioxide and water vapours. The incomplete combustion leads to 
emissions of the poisonous carbon monoxide gas, and a wide range of various unburnt 
volatile organic compounds (VOCs), including hydrocarbons, aromatics and 
oxygenated species. Automobile also generate some oxides of nitrogen i.e. NO and 
NO;. The nitric oxide is produced when atmospheric nitrogen and oxygen combine at 
the high temperatures present in an automobile engine. The NO released into the 
atmosphere further reacts with О» to form NO». The unburnt hydrocarbons produce 
photochemical smog and nitrogen dioxide form photochemical smog and acid rain. 

The pollution that all the cars produced together can cause lung cancer, 
respiratory problems, urban smog and acid tain. In order to reduce air pollution, 
modern automobiles. are equipped witha. device called a catalytic converter that 
reduces emissions of harmful compounds such as CO, NO, and VOCs. These 
compounds are converted into less harmful compounds such as carbon dioxide, water, 
nitrogen, and oxygen before leaving the car's exhaust system. Catalytic converters 
can also be found in generators, buses, trucks, and trains; almost everything with an 
internal combustion engine-has a form of catalytic converter attached to its exhaust 
system. - N,.H,0, CO, 


| HC, CO, NOX 
= — Figure 23,3: Catalytic Chamber 
An efficient catalytic converter (three wa 
functions: (i) it oxidizes CO and unburnt h 
NO an 


y catalytic converter), perform three 
: ydrocarbons to СО» and H,O (ii) it reduces 
N О; io № and О» (iii) it oxidized hydrocarbons to carbon dioxide and water: . 
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Catalytic converters are effective | 
at removing hydrocarbons, | 
carbon monoxide, and ноба 
oxides from car exhaust. But they 
do not reduce emission of carbon | 


dioxide (CO,), which is one of the | 
most common greenhouse gases | 
and contributes significantly to| 


lobal warming. j 


VOCs > Ulp = CO») + НәО(») 


Catalytic converters contain porous honeycomb 
structures made of ceramic materials that are coated 
with the catalysts. The catalyst used in a catalytic 
converter is a combination of platinum (Pt), palladium 
(Pd), and rhodium (Rh). Catalytic converter contains 
two different types of catalysts at work: (i) reduction 
catalyst (ii) oxidation catalyst. The reduction catalyst uses platinum and rhodium to 
reduce harmful pollutants such as nitrogen oxides in the exhaust whereas the 
oxidation catalyst uses platinum and palladium to reduce harmful pollutants like the 
carbon monoxide (CO) and VOCs in the exhaust of automobiles. 


23.1.4 Industrial Smog 

The word smog is a combination of smoke and.fog. There are two types of 
smog: the industrial smog and the photochemical smog. 

The industrial smog (sometimes known as London smog or gray smog) is 
created when SO; (from combustion of coal. and oil) and particulate matter (larger 
solid particles such as metal oxides, soil particles, sea salts, fly ash, elemental carbon 
and small metal particles in the atmosphere) combine with the moisture in fog at 
suitable conditions. It produces a yellow-brown colour near ground level. It is a 
mixture of fly ash, soot, SO;, smoke and some VOCs. One of the worst cases of 
Industrial smog was the Great Smog of 1952 in London, where the smog was so thick 
И killed thousands of people (about 4000 people). This industrial smog is common in 
many cities in the world where heavy industry and power plants are found. Examples 
of such countries are India, China and a see = 
European countries; This smog has serious 
negative effects on people, plants, and 
s ua Various human health problems 
€ emphysema, asthma, chronic | 
CS © lung infections, and cancers are 
ne y the effects of smog. It is formed 
i Se cities where the weather is cold 
deve In тапу urban areas of 
ЫП E countries, industrial smog is 

Jor problem. 
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Photochemical smog (sometimes known as Los Angeles smog or brown smog) 
is created when oxides of nitrogen reacts with volatile or ganic compounds (VOCs) jp 
the presence of sunlight. This reaction produces a mixture of hundreds of dangerous 
secondary pollutants, such as ozone, peroxyacetyl nitrate (PAN), aldehydes, anq 
peroxybenzoyl nitrate (PBZN). It also appears to be yellow-brown haze, 
Photochemical smog is common in those cities that have a lot of automobiles along 
with a sunny, warm and dry climate. Examples of such cities are Los Angeles 
(California; USA), New York (USA), Sydney (Australia), Jakarta (Indonesia), 
Shanghai (China), Bangkok (Thailand), Rome (Italy) and Vancouver (Canada), 
Photochemical smog has serious negative effects on people, plants,.and animals as 
well. It causes health hazards such as headache, eye irritation, asthma, lung tissue 
damage, bronchial infections and pulmonary edema (collection of fluids in lungs). 


&reenneuse eneect is the process during "Which radiation (thermal 
infrared radiation) hon the sun is trapped by the gase$-such as carbon dioxide, water 
vapours, methane, nitrous oxide, and ozone and prevent the heat from escaping back 
into space. Although some of the energy passes back into space, most of it remains 
trapped in the atmosphere, which causes the éarth to heat up. This natural process of 
maintaining the average temperature of our earth, and keeping it warm, is known as 
the greenhouse effect. 


is reflected by the 
Earth and the 


Some of the infrared radiation 
atmosphere. 


passes through the atmosphere. 
Some is absorbed and re-emitted 
in all directions bv greenhouse 
gas molecules, The effect of this 
it to warm the Earth's surface 


И”; and the lower atmosphere. 
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Global warming (Scientists often use the Fluorinated 
term climate change instead of global warming) is zm 
the gradual increase in the overall temperature of the | 
earth's atmosphere caused by gases that are 
collecting in the air around the earth and stopping 
heat escaping into space. The gases that are 
responsible for causing the greenhouse effect are 


"Carbon Dieta ТР 
known as greenhouse gases and they are carbon 4 


iiad aset ^ 


dioxide, water vapours, methane, nitrous oxide, and "T. 


Á 


ozone. Average global temperatures are maintained . 
at about 15°C due to natural greenhouse effect. 
Without this phenomenon, average global 
temperatures might have been around –17°С and at Figure 23/6: Global Greenhouse 
such low temperature life would not be able to exist. Gas Emissions 
Actually, the greenhouse gases mainly carbon dioxidé: and water vapours are 
responsible for keeping the earth warm and thus sustaining life on it. 
Consequences of Global Warming 

If the amount of energy from the sun and thé amount of greenhouse gases in 
the atmosphere remain the same, then the average temperature on earth will also be 
constant. If the greenhouse gases are very less.or totally absent, the earth would be far 
colder and life on earth would not be possible. But, however, if the amounts of these 
gases exceed a certain limit, then the earth would be hotter. If global warming 
continues unchecked, by the turn of the century the temperature may rise by 5?C. 
Scientists believe that this rise in temperature will lead to deleterious changes in the 
environment and resulting in rise in sea levels, increasing ocean acidification, extreme 
weather events and other.severe natural and societal impacts. Relative contribution of 
various greenhouse gases to total global warming is as: 
° СО» contributes 76% 
. CH, contributes 16% 
° N5O contributes 6% 
° Fluorinated gases contributes 2% 

The concentrations of methane and fluorinated gases are much lower than that 
of carbon dioxide, but they absorb heat much more effectively than carbon dioxide. 

Hence they make significant contributions to warming earth. 

Carbon dioxide is the only greenhouse gas whose contribution is rising rapidly. 

It can be removed from the atmosphere when it is absorbed by plants. Removal of 
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23.1. Acid Rain 

Acid rain, or more accurately 
is created when SO», NO» 
ater molecules 1n Ё 


acid 


precipitation, 
and СО» combines with w i 
the atmosphere and result in producing 


mild solutions of sulphuric acid, H5SO4; 
nitric acid, HNO; and carbonic acid, 
H CO;. It can also occur in the form of 7 
snow, sleet, fog, dew, hail and tiny bits of í 
dry material that settle to earth. Normal 
rain water is slightly acidic with a pH Е AE 
range of 5.3 to 6.0, because CO; and H2O Figure 23.7: Аб Rain 
present in the atmosphere combine together to produce carbonic acid, which is a weak 
acid. When the pH level of rain water drops below this range, it becomes acidfc rain. 


Harmful Effects of Acid Rain 
Acid rain has negative effects on the environment and public health. 
i) Acid rain can increase the acidity of rivers, dams, streams, lakes and oceans 


+ and significantly: affect the aquatic life. 
ii) Acid rain can i idi i 
пал погоде the acidity of the soil, water and shallow groundwater 
i in killing of plants and animals. Acidity may cause death of fish 
™ P ations and other aquatic species including frogs, snails and crayfish 
i cid rain makes water acidic, and causes them to absorb the Aa that 
makes its way from soil into lakes and streams. This combination mak 
3 Mos toxic to crayfish, clams, fish, and other aquatic animal a 
iv , хә 4 . S. 
s T = affects trees. Acid rain can make them lose their leaves, damage their 
E ‚ and stunt their growth. Acid falling on a forest’s soil i | al inl 
ause it disrupts. soil nutrients, kills microorganisms i с0а 
ж 2 cause a calcium deficiency pe oa on 
у cid rain erodes buildin : 
gs, monume 
nts and stone statues. It corrodes stee! 


Structures ‘such as brid Wers etc tile 
| ges, towers 
» de tc. It also corrodes ceramics, textiles. 
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The harmful effects of acid rain may be minimized by minimizing the 


emissions of nitrogen oxides, sulphur oxides and other harmful gases from power 
plants, industries and automobile exhausts. 


23.2 Chemistry of the Stratosphere 

Stratosphere, is the region (second region) from 12 km to 50 km 
(approximately) above the earth’s surface. It consists of nitrogen, oxygen and ozone. 
No weather takes place in the stratosphere. The stratosphere has over 15% of the total 
mass of the atmosphere, and is where the ozone layer is located. This layer is about 38 
kilometres thick. 
| The ozone layer is present about 20-40 km above the earth’s surface. Ozone 
(Оз) is a hazardous pollutant at low altitudes but is significantly important in the 
upper atmosphere because it helps protect us from hazardous ultraviolet radiation 
(UV) from the sun. The life on earth would not be possible without the protection of 
this layer. At earth's surface, it can cause various health problems such as skin cancer, 
effect immune system and may cause blindness. 

Air temperature slowly increases with height.in the stratosphere, in contrast 
with the troposphere where the temperature quickly decreases with height. This 
unusual temperature structure is caused by absorption of sunlight by ozone. . 


Production and Destruction of Ozoné 

Ozone is produced by photochemical reactions in the stratosphere when the 
rays of sun split oxygen molecules.into single atoms. These atoms combine with 
nearby oxygen to form а tri-oxygen molecule, called ozone. 


UV (220n 
Ошу - Ош# Og 
Og + Ag —7——*- Оз) 


The ozone molecules, in turn absorb ultraviolet rays between 220 to 330 nm, 
and thus prevent these harmful radiations from entering the earth's atmosphere. 


г UV (220 to 330 
Оҳ Rt „ Oxy * Og 


UV radiation at wavelength longer than 220 nm cannot be absorbed by O; and 
it cannot break the oxygen molecule into two oxygen atoms. 


Ga шшр No Action 


Thus, the total amount of ozone is maintained by this continuous process of 
= сота, апа fegenerürion: 
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The ozone layer protects the Earth from 


The chemicals that are produced or 
influenced by human activities are known 
as anthropogenic (man-made) compounds, 
For example, chlorofluorocarbons are 
anthropogenic compounds in the 
atmosphere that are produced by aerosol 
propellants; refrigerator coolants and air 
conditioners. Many of the organic 
compounds that are produced by the human 
activities such as CO, and CH, also occur 
naturally, and in sufficient quantities. Some 
anthropogenic organic compounds such as 
DDT (insecticide) do not have a natural 
souree.Anthropogenic compounds сап 
have Ваги effects on human health and 


harmful ultraviolet radiation by absorbing 
these radiation. As the layer-is reduced, the 
amount of harmful ultraviolet radiation that 
reaches the Earth increases. The ozone 
depletion (reduction) in) the stratosphere is 
caused by ozone ‘depleting chemicals. 
Examples of these chemicals are CFCs, 
halons, carbon tetrachloride, methyl bromide, 
hydrobromonfluorocarbons (HCFCs), апа 
bromochloromethane (BCM). 

Chiorofliuorocarbons | (CFCs) are 
anthropogenic compounds containing atoms of 
carbon, chlorine and fluorine. CFCs are also | the envivoriment. _ 
called Freons. They can be readily converted AS | 
from a liquid to a gas and vice versa. Exámples are trichlorofluoromethane 
and іісћогоаійџоготеѓћапе МА МЭ Se 

Halens аге also anthropogenic compounds: containing atoms of carbon, 
bromine, chlorine and/or fluorine. "М 

The CFCs and halons are very stable compounds. They.are inert. The 
chlorofluorocarbons take 50 to 1700 years whereas halons take 65 years to 
breakdown. The CFCs are very important compounds and prepared on large scale in 
the world. These are non-toxic; non-flammable, and non-corrosive, CFCs are used as 
coolants in refrigerators and air-conditioners. They are also used as repellents in 
aerosol sprays. The halons also used as fire extinguishing agents. 

CFCs contain chlorine atoms while halons contain bromine atoms. Chlorine 
and bromine atoms of these compounds cause chemical reactions that breakdown 
ozone molecules and in turn, reduce the ozone's-ultraviolet radiation-absorbing 
capacity. Bromine is many times more effective at destroying ozone than chlorine. 
These compounds have been banned since 1996 in advariced countries. 


Substitutes of CFCs - 


Chlorofluorocarbons, halons and methyl bromide leting 
substances (ODS). When these gases are seria to the ГАН ur of 
atmosphere, where ultraviolet radiations from the sun break them to 
release chlorine (from CFCs) and bromine (from methyl bromide and halons). The 
chlorine and bromine react with the oxygen atoms in ozone | 
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the ozone molecule. The ozone layer acts as a filter for highly hazardous ultraviolet 
radiation from the sun, protecting life on earth from its potentially harmful effects. 

The protection of ozone layer is only possible by developing alternatives to 
ozone depleting chemicals. The scientists developed three primary substitutes for 
CFCs and these are: (i) HCFCs (ii) HFCs (iii) HCs. 

Hydrochlorofluorocarbons (HCFCs) 

They contain hydrogen, chlorine and fluorine atoms. They are just like CFCs, 
except hydrogen atoms have replaced some chlorine atoms. They were the first 
substances used as replacements for CFCs. HCFCs are less stable in the lower 
atmosphere, enabling them to break down before reaching the ozone layer. However, 
they still diffuse into the stratosphere and cause significant ozone destruction. They 
have shorter lifetime (2-25 years) in the lower atmosphere than CFCs (more than 100 
years). But the problem is that they still contain chlorine that can attack the ozone 
layer. The HCFCs can contribute to global warming and are more expensive to make 
than CFCs. 


Hydroftuorocarbons (HFCs) 

They contain hydrogen and fluorine atoms. They are chlorine free. They are 
like CFCs, except hydrogen atoms have replaced the chlorine atoms. Due to absence 
of chlorine, they have no ozone depletion potential. They are now widely used as 
replacements for CFCs. They have shorter lifetime (2-25 years) in the lower 
atmosphere than CFCs (more than 100 yéars). But the problem is that the HFCs can 
contribute to global warming and are more expensive to make than CFCs. 

The HCFCs and HFCs substitutes are six to fifteen times more expensive than 
CFCs. It is better to use HFCs as compared to HCFCs because HFCs have no ozone 
depletion potential. 


Hydrocarbons (HCs) 

They contain hydrogen and carbon atoms. They are free from halogens. They 
(a propane/isobutane blend) replaced CFCs and are extensively used in mobile air 
conditioning systems as refrigerants in many countries. They are also used in 
domestic and «commercial refrigeration applications worldwide. They are used as 
propellants in spray cans. 


23.3 Water Pollution and Water Treatment 

Any physical, chemical and biological change in the quality of water by the 
addition of other substances that badly affect the living organisms is called water 
pollution. Water is essential for life on earth. We use water for drinking, washing, 
cooking, agriculture, industry, transport and recreation. Marine life is also impossible 


ош water. Hence it must free from deadly chemicals and bacteria in order to be 
. drinkable. 
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The method in which raw water is made fit for drinking and other domestic 
purposes by removing foreign materials is called water treatment. The goal of water 
treatment is to remove contaminants and organisms through а combination of 
biological, chemical, and physical processes to make it safe for drinking. 
Contaminated water is the main source of infectious diseases such 
as amoebiasis, dysentery, cholera, typhoid, jaundice, malaria and paratyphoid fever. 


23.3.1 Types of Water Pollutants 


There are three major types of water pollutants: (i) Suspended Solids and 
Sediments, (ii) Dissolved Solids (iii) Thermal Pollution. 


23.3.1.1 Suspended Solids and Sediments | 

The small solid particles that remain suspended in water and acts collide are 
known as suspended solids. They include silt, coal dust, plankton. and industrial 
wastes. The loose sand, clay, silt and other soil particles that settlé-to the bottom of 
liquid are called sediments. 

The process of natural erosion of soil and the decomposition of plants and 
animals gives rise to sediments and suspended solids-in water. Sediment is 
subsequently transported by the action of winds, watet.or ice. Sediment is the most 
common pollutant in rivers, lakes, streams and other. water reservoirs. The suspended 
particles and sediments produce turbidity in water and consequently reduce the 
amount of sunlight available to the aquatic life, which is required for the 
photosynthesis by bottom vegetation. They reduce the storage capacities of reserves. 


23.3.1.2 Dissolved Solids 

Dissolved solids are a mixture. of different organic and inorganic compounds 
contained in a water. These solids.are mostly minerals, salts, organic matter, metals, 
cations or anions dissolved in water. The major components of dissolved solids are 
the cations such as calcium, magnesium, sodium and potassium, and the anions such 
as bicarbonate, carbonate, sulphate and chloride. Dissolved solids may come from 
organic sources such as leaves, silt, plankton and industrial waste and sewage. Other 
sources come from runoff from urban areas, road salts and/or fertilizers and 
pesticides. Dissolved solids may come from runoff rain water and inorganic materials 
such as rocks. A.constant level of minerals is essential for aquatic life in the water. 
Changes in the quantities of dissolved solids can be damaging. The amounts оѓ. 


dissolved solids, which are too low or too high limit the growth and lead to the death 
of aquatic life. 


/23.3.1.3. Thermal Pollution 


industries use large amounts of water for cooling purposes. They used coolant water, 
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which is hot, is usually discharged directly into water bodies. As a result of this hot 
water discharge, the temperature of water body increases, which reduces the dissolved 
content of the water and adversely affects the aquatic life. 


Various Parameters of Water Analysis Keep in Mind 


There um major categories of parameters Biological oxygen demand (BOD) 
_of water analysis: also known as biochemical oxygen 
i Physical Tests demand is a measure of the amount 
Colour, turbidity, total solids, dissolved |°f dissolved oxygen (DO) used by 


: А microorganisms (¢.g., aerobic 
solids, suspended solids, odour and taste are Баета) in the Ц organic 
estimated. 


matter when dissolved into a body 
ii) Chemical Tests 


of water. BOD G8 measured 
The pH, hardness, presence of a selected (experimentally by¢calculating the 
group of chemical parameters, biocides, highly sale ar rhs Prive ое 
toxic chemicals, and ВОР are estimated. 20°С. 
iii) Toxic Element Tests A small'amount of oxygen up to 10 
Toxic elements such asiron, calcium, ppa РЕЛЕ dissolved in E 
copper, chromium, manganese, magnesium, |/ 1% Cisso!ved oxygen 15 requir 
mercury, cadmium,  molybdenum, selenium, у fish mese жыт Ше 
arsenic, lead, zinc, aluminium, nickel, boron, etc. important for us because it is an 
are estimated. j j 
iv) Bacteriological Tests 
In these tests, the presence of harmful 
bacteria such as E.coli bacteria and Total coliform 
bacteria are checked. 
V) Pesticides Tests 
Here the pesticides such as alachlor, atrazine, 
aldrin/dieldrin, alpha HCH;. beta HCH, butachlor, chlorpyrifos, delta HCH, DDT, 
endosulfan, etc. are estimated. 
vi) Volatile Organic Compounds (VOCs) Tests 
.  Benzene, toluene, xylenes, bromobenzene, butylbenzense, chlorotoluenes 
dichlorobenzenes, phenolic compounds, polyaromatic hydrocarbons etc. are 
estimated. 
. The physical, biological, and chemical properties of drinking water have great 
importance because a minor variation in these parameters affects the human | 
health. The defined standards of drinking water in Pakistan have been developed by | 
ue Pakistan Standards Quality Control Authority. The permissible limits, as laid — 
Can by the World Health Organisation (WHO) and Pakistan Standards Quality 
: Ontrol Authority (PSQCA) are listed for comparison. A parametric value may be a 
Cunt such as 500E. coli per litre or astatistical value such as the average 


. Concentration of copper is 2 mg/l. | 
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2. 


PSQCA Standards 


—— À. 


WHO Standards > 
<15 TCU (true colour units) «15 TCU 
Odour | 


Odourless 
Taste Tasteless 
<I 


Turbidity <5 NTU (Nephelometric 
Turbidity Unit) 


Parameters 


Colour 


Hardness as CaCO; SS Se «500mg/L 
Total Dissolved Solids «1000 mg/L «1000 mg/L 


«I 
<0 
0 


JE 
3 
<< 
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Copper 


| 


Fluoride 


» 


Manganese 


| 
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73.3.2 Waste Water Treatment (or Sewage Treatment) 

Waste water (or sewage) is the mixture of wastes from the human body and 
used water. It includes domestic waste water (or domestic sewage), industrial waste 
water (or industrial sewage) and storm waste water (or storm sewage). The waste 
water come from sinks, showers, bathtubs, toilets, washing machines, kitchen, and 
bathrooms is called domestic waste water. It is also called sanitary sewage. Industrial 
waste water is produced from industrial activities such as manufacturing or chemical 
processes. Storm waste water is rainfall runoff and other drainage that is collected in a 
system of pipes or open channels. The sewage that is carried away from buildings by 
pipes under the ground called a sewerage system. Waste water treatment (or Sewage 
treatment) is the process of removing contaminants from wastewater. The major aim 
of wastewater treatment is to remove the contaminants to acceptable levels to make 
the water safe for discharge back into the environment. The wastewater that flows into 
a treatment plant, basin, or reservoir is called influent. 

Waste water treatment consists mainly of three steps: primary, secondary and 
tertiary treatments. Primary treatment removes around 40-60% and secondary 
treatment removes around 90% of suspended solids. 


Primary Treatment 

Primary treatment is also called physical treatment because it is a mechanical 
process by which large suspended and floating material such as sand, silt and large 
lump of organic matter are removed. Primary treatment removes around 40—6094 
suspended solids and about 35% BOD (biochemical oxygen demand or biological 


oxygen demand). We are unable to remove water dissolved substances and pathogens 
by this process. 


Secondary Treatment 
Secondary treatment. is also known as biological treatment because it involves 
the use of bacteria and-other microbes. These process may be aerobic or anaerobic. 
Aerobic wastewater treatment is a process where bacteria utilize oxygen to degrade 
Organic matter (generally quantified as BOD) and other pollutants involved in various 
Production systems. Anaerobic treatment is a process where wastewater or material 
I5 broken down by microorganisms without the aid of dissolved oxygen. However, 
"ERA bacteria can and will use oxygen that is found in the oxides introduced into 
Aura or they can obtain it from organic material within the wastewater, 
ned 1С Systems are used in many industrial systems including food production and 
pal sewage treatment systems. The sludge left after decomposition of sewer by 


a€robj ; e ес : > 
bic and anaerobic bacteria is rich in phosphorus, nitrogen and minerals. After 
..? IB, it is used as manure. 
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Secondary treatment may require a separation process to remove the 
r prior to discharge or tertiary treatment. 


microorganisms from the treated wate 
of suspended solids and BOD, 


Secondary treatment removes around more than 8596 


Tertiary Treatment 
This is the third and last step of waste water treatm 


consists of advanced physical, chemical and biological processes. Tertiary wastewater 
treatment is used when particular wastewater components which cannot be removed 
e removed. The major objectives of tertiary treatment 
lved inorganic solids, fine suspended solids and final 


ent. Tertiary treatment 


by secondary treatment must b 
are the removal of bacteria, disso 


traces of organic compounds if needed. 
The water at this stage is almost free from harmful substances and chemicals. 


The water is allowed to flow over a wall where it is filtered through a bed of sand to 
remove any additional particles. The filtered water is then used for the irrigation of a 
golf course, green way or park, or released into the stream, river, bay, lagoon or 


wetland. 
Disinfection 

There are still some microorganisms and pathogen contaminants in the | 
remaining treated wastewater. To kill them, the wastewater must be disinfected for at 
least 20-25 minutes in tanks that contain a mixture of chlorine and sodium 


hypochlorite. Chlorination is done during tertiary treatment. — . | 


23.4 Green Chemistry E | | 


Green chemistry, also called sustainable chemistry, is the design of chemical | 
products and processes that reduce or eliminate the use and generation of hazardous | 
substances. Green Chemistry is-based on a set of twelve principles that can be used to | 
design or re-design molecules; materials and chemical transformations to be safer for | 


human health and the environment. 


Goal of Green Chemistry | 
The goal of green chemistry is: 
i) To choose:the most efficient ways to synthesize the chemicals. 
ii) To make safe, sustainable and non-polluting chemicals that consume 


minimum amount of materials and energy while generating little or no wast? 


material. 
iii) To prevent and minimize. the production and use of hazardous chemicals. 
Principles of Green 


In 1998, two US chemists, Paul Anastas and John Warner sketched Twel 


Principles of Green Chemistry and these are: 
i) Prevention: Itis better to prevent the generation of waste than to tr 


up waste after it has been prod 


rece , 


eat ог cle? 
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methane, carbon monoxide, helium, neon, krypton, xenon, and water vapours. 
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Atom Economy: Synthetic methods should be planned to maximize the 
incorporation of all materials used in the synthesis into the desired product. 
Design less Hazardous Chemical Syntheses: Synthetic methods should be 
designed to use and generate substances with little or no toxicity to either 
humans or the environment, 
Designing Safer Chemicals: Chemical products should be developed to affect 
their desired function while considerably reducing their toxicity. 

Safer Solvents and Auxiliaries: The use of auxiliary substances such as 
solvents, separation agents, and others, should be avoided wherever possible. If 
you must use these chemicals, use harmless auxiliaries. 


Design for Energy Efficiency: Chemical synthesis should be performed at 
ambient temperature and pressure, if possible. 

Use Renewable Feedstocks: A raw material or feedstock should be renewable 
rather than depleting whenever feasible in technological and €conomic terms. 
Reduce Chemical Derivatives: Minimize or avoid unnecessary derivatization, 
e.g. protection / deprotection, use of blocking groups, temporary modification of 
physical/chemical processes) if possible, because such steps require additional 
reagents and can generate waste. | 

Use Catalysts: Catalytic reagents are superior to stoichiometric reagents. 
Catalysts are effective in small amounts»and can carry out a single reaction 
many times. Hence, minimize waste by using catalytic reactions. 

Design for Degradation: Chemical products should be designed so that at the 
end of their function they break down into harmless degradation products and do 
not persist in the biosphere. 

Real-time analysis for Pollution Prevention: Advanced analytical methods 
have to be developed to-allow for real-time, in-line process monitoring and 
control prior to the generation of hazardous substances. — — 

Accident Prevention: Reagents and solvents used in a chemical process should 
be chosen to minimize the risk for chemical accidents, including explosions, 
fires and releases. 
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ummary of Facts and Concepts, 


Environmental chemistry is the branch of chemistry in which study about the 
Sources, reactions, transportations and effects of the pollutants on the 
environment. 

The environment consists of four components: (i) atmosphere (ii) hydrosphere 
(iii) lithosphere (iv) biosphere. 

The layers of gases surrounding the earth is called atmosphere. It consists of 
nitrogen, oxygen, carbon dioxide and trace amounts of hydrogen, ozone, 
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The water containing parts of our earth is called hydrospheres. It includes al] 


water resources like oceans, rivers, streams, lakes, polar ice caps. 
Biospheres consists of the region of earth where all living species exist above as 


well as below sea level. : 
Lithosphere is the upper rigid and rocky layer of earth's crust. It includes soi], 


earth, rocks and mountains. 
Troposphere is the nearest to the earth's surface extending up to 11 km. It 


accounts for about 70% of the atmospheric mass. ~ 
The substance in the environment that has adverse effects on human health, 
: quality of life and natural functioning of ecosystem is called environmental 
pollutant. | 
^ Global warming is the gradual increase in the overall temperature of the earth's 
atmosphere caused by gases that are collecting in the air around the earth and 
stopping heat escaping into space. 
The rain having pH value less than 5.3 is termed. as acid rain. It is due to 
presence of carbon dioxide, sulphur dioxide and МО» which get mixed with rain 
water in the presence of pollutants to form:;carbonic acid, nitric acid and 
_ sulphuric acid. 
Ozone is the protective layer in the atmosphere which absorbs harmful 
ultraviolet radiations and cosmic rays of the sun and thus blocks them to reach 
on the earth. 
The т > any pu substance in water is called water pollution. Water 
15 essenti ivi i 
removing eo ae E ena E 1: т саза во 
water (ог sewage) is the mixture of wast naro үш Шеш Waste 
es from the human body and used water. 


| Multiple Choice Questions | 


Q. Select one answer from the given choices for each question: 


i) The segments of environments are 
(a One 
(b) Two 
(c) Three 
(d) Four | =e 


) an z REST rivers, rocks, mountains, soils are the parts of 
(b) Hydrosphere 
(c) biosphere 
(d) Geosphere 
^ 
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i) Most of mass of atmosphere is present in: 
(a) Тгороѕрһеге 
(b) Stratosphere 
(c) | Mesosphere 
(d) | Thermosphere 
iv) Rust is: 
(a) оп (IID oxide 
(b) Iron (ID) oxide 
(c) Hydrated Iron (IID oxide 
(d) Hydrated Iron (11) oxide 
v) Acid rain is mainly caused in the atmosphere by the emission of: 
(a) NOx and KNO, 
(b SOx and charcoal 
(c) | COx and sulphur 
(d) SOx and NOx 
vi) Smog is derived from: 
(а) Smoke and water droplet 
(b) Fog and water droplet 
(c) | Fog and smoke 
(d) Mist and water droplet 
vii) London smog or gray smog is caused by 
(a) SQ, + particulates + moisture of fog 
(b МО, + particulates + moisture-of fog 
(c) | CO» + particulates + moisture of fog 
(d) РАМ + particulates + moisture of fog 
Vii) Brown smog results from the-mixing of: 
(a) МО, + particulates.+ sun light 
(b) NO, + VOCS.+ sun light 
(c) СО, + VOCS» sun light 
(d) РАМ + particulates + sun light 
Which two gases of the following are the major contributors to global 
warming: 
.(à) Carbon dioxide and nitrous oxide 
(D ^ Methane and nitrous oxide 
(C) Carbon dioxide and methane 
(d) Methane and water vapours 
The ozone layer lies in which of the following layers of the atmosphere? 
(à)  Troposphere 
(b) Меѕоѕрһеге 
(C)  Exosphere 
— (d)  Stratosphere 


ix) 


X) 


ee = е. 
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| Short Answer Questions y 


Why Environmental Chemistry is important? 

Why it is important to protect the environment? 

Why is the environment important to us? 

How do human activities affect the environment? 
What are the effects of pollution in our environment? 
Earth is called blue planet, why? 

How does the hydrosphere affect us? 

What is the importance of the hydrosphere? 

How atmosphere is important for us? 


. What is the Earth's atmosphere made up of? 

. What are the main pollutants in the air? 

- How much do automobiles contribute to air pollution? 

. What is the role of the catalytic converter? 

. What is the importance of catalytic converter? - 

- How is smog caused? | 
. How is smog harmful to the environment? 3 

. What is the main cause of greenhouse gases? 

- How are greenhouse gases produced by humans? 

- How does acid rain affect humans? 

- Why is chlorine added to remaining treated waste water? 


S a жашнан 


What is environmental chemistry? Briefly describe the segments of the | 
environment. : | 


Explain the-chemical reactions of nitrogen oxides and sulphur oxides in the 
atmosphere. 
аа. the chemical reactions of oxygen in atmosphere 

ow do the chemical reactions of o ic i in the 
atmosphere? а родов, cared ош т 
Define air pollutants. Describe the sour 1 harr ides 0 

к : urces and des ° 

carbon: ninos d Sulphur. harmful effects of oxi 


What are the sources of volatile organic compounds in the atmosphere? whe 


. are the adverse effects indicated by them? 
- _ Discuss the characteristic and undesirab 
, bitrate 


T 
(PAN). ie effects of ozone and регохуасе? i 
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What do you know about automobile 
role of catalytic converters? 

Define smog and explain industrial and photochemical smog. 

What is the effect of smog on the health of peoples? How to prevent smog? ` 
How does car exhaust produce the smog that hangs over our cities? 

What is greenhouse effect? What are greenhouse gases? Discuss their 
contribution to global warming? What are the consequences of global 
warming? 

What is the acid rain? Discuss briefly. What are bad effects of acid rain on the 
environment and public health? How can we minimize its bad effects? 

Define water pollution and water pollutants? What are the different types of 
water pollutants and how they are produced? What are their effects? 

Explain the various parameters of water analysis. 

Define waste water and write an informative note on wastewater treatment. 
What are the steps involved in waste water treatment? 


pollutants? What are the importance and 
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24.1 Classical Method of Analysis 
24.2 Modern Methods 


| Learning Outcomes) 


Students will be able to: 


(Applying) 


di Analytical Chemistry 


Compare the classical method of analysis with modern methods. (Understanding) 


Discuss the procedure of combustion analysis. 
Define spectroscopy and discuss its applications in analytical Chemistry. (Applying) 


State the regions of electromagnetic spectrum used. in IR and UV/Vis spectroscopy. 


(Understanding) 


Explain the origin of IR absorption of simple molecules. (Analyzing) 

Predict whether a given molecule will absorbinthe UV/Vis region. (Analyzing) 

Predict the colour ofa transition metal complex from its UV/Vis spectrum. (Analyzing) 
Outline in simple terms the principles of proton NMR spectroscopy. (Applying) 

Explain how chemical environment of a Proton affects the magnetic field it experiences 


and hence the absorption of energy at resonance frequency. (Applying) 
e Describe standard scales usedin proton NMR. (Applying) 
e Explain instrumentation and working of MS. (Applying) 


(Applying) 


Introduction 
Analytical chemistry 


chemistry. It can be defined as the branch of chemistry in which we study abou 
separation, identification and quantification of components of s 


Analytical chemist uses instruments 


and quantify matter. Analytical chemistry plays an important role not 


can be considered as one of the essential branches ol 


Outline the use of MS in determination of relative isotopic masses and isotopic abundance. 


Define and explain atomic emission and atomic absorption spectrum. (U nderstanding) 


t the 


amples of matter 


and methods to separate, identify: 
only in the 


fields of chemistry such as organic, inorganic, physical, nuclear and environment" 
but also in the other fields of science such as physics, biology, archaeology: 


agriculture and industries. Because all these 


fields require analysis of materials. 
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Classification of Chemical Analysis 


The process of estimation or determination of the components present in given 
sample is known chemical analysis. Chemical analysis procedures are usually 
classified in two ways: 

i) In terms of the goal of analysis. 
i) а terms of the nature of analysis. 


Classification in terms of Goal of Analysis 
The chemical analysis can be classified into qualitative and quantitative 
analyses in terms of the goal of analysis. - 


re БЕ re er DR 


Qualitative analysis 

Qualitative analysis means what constituents are present in the sample. It is the 
determination of the chemical composition of a sample of matter. It can tell you 
whether an atom, ion, functional group, or compound is present.or absent in a sample, 
but it does not provide information about its quantity. 

There are two main types of qualitative analysis: organic compounds analysis 
and inorganic compounds analysis. 

Organic compounds analysis involves.the determination of atoms or 
functional groups in the sample. Examples include: (i) combustion · analysis . 
(ii) detection of elements in an organic compound (iii) identification of functional 
groups in an organic compound and (iv) identification of organic pollutants in the air. 

Inorganic compounds analysis finds elemental composition of inorganic 
compounds. It is used to identify and separate cations and anions in a sample. 
Example for inorganic compounds analysis is salt analysis. The common qualitative 
test, used in inorganic chemical analysis, is the flame test. Flame tests can be used to 
identify the presence of a particular metal. Different metals give different colours to ` 


the flame. 
Quantitative Analysis y 
Quantitative analysis means how much constituents is present in the sample. It 

is carried out when the identity of the components already known and when it is 
Necessary to also know the amounts of these components. It is the determination of 
the amounts or concentrations of one or more components present in a sample. It is 
done by either a classical or modern (instrumental) procedure. For quantitative 
analyses, the amount of analyte (the material being analyzed) is determined by 
gravimetric ог by titrimetric measurement. 

. In gravimetric analysis, the substance being determined is converted into an 
ч Insoluble precipitate which is collected and weighed. | | | 
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nown as volumetric analysis) the substance to be 


ined is allowed to react with suitable reagent added as a standard solution and 
the volume of solution needed for whole reaction IS determined. The common 
titrimetric reactions are acid-base reactions, precipitation reactions and oxidation- 


reduction reactions. 
Classification in terms of the Method of Analysis Used 

The chemical analysis can also be classified into classical and instrumental 
methods in terms of the nature of method used. 


24.1 Classical Method of Analysis 

Classical methods are also known as wet chemical methods or earliest methods 
of chemical analysis. They are the traditional methods of chemical analysis which are 
still being used by chemists. The classical methods that were used to separate the 
components of interest in a sample were distillation, crystallization, extraction or 
precipitation. These methods usually involve the chemical reactions and/or classical 
reaction stoichiometry, but no electronic instruments are used other than an analytical 
balance or volumetric apparatuses such as pipette, burette etc. The instruments of 
classical methods are not highly specialized. - 

Classical methods are cheaper and easily available for labs of schools, colleges 
and industries. The classical methods consume more time than instrumental methods 
of analysis. Classical methods are more useful for accurate and precise measurements 
of analyte concentrations (at ће 0.1% level or higher). | 


The Combustion Analysis : 
Combustion analysis is\one the most widely used method for determining 
percentage composition and empirical formula of an unknown compound in the 


laboratory. This method. is commonly used for compounds containing carbon and 


hydrogen. CO,, H,O, О, 
and other gases 


In titrimetric analysis (also k 


O, and 


о, = T HD 


Н,О absorber 
Magnesium Perchlorate Sodium Hydroxide ^ 
eR lution) x 


Figure: 24.1: Combustion Apparatus 


CO, absorber 


In this method, a known mass of compound is burnt in stream of oxygen gas. . 
atile | 
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h element in the com 
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pound combines with oxygen 
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combustion products (CO; and H20). The carbon is converted to carbon dioxide and 
the hydrogen is converted to water vapours. Water vapours are absorbed in 
magnesium perchlorate, Mg(ClO4); whereas carbon dioxide is absorbed in 50% 
potassium hydroxide, KOH solution. The masses of CO; and H50 are determined by 
- measuring the mass increase in the CO; and H5O absorbers. From the masses of CO; 


and H;O we can calculate the percentage of carbon and hydrogen with the help of 
- following equations: 


% age of carbon in compound = Mass of CO; x E x eo 
% age of hydrogen in compound = Mass of HO х = x wes 


If third element such as oxygen is present in the compound, its percentage can 
be calculated by subtracting the percentages of carbon and hydrogefwas: 

% age of oxygen in compound = 100 — (% age of carbon X% age of hydrogen) 
Combustion analysis can be used to determine the empirical formula of an unknown 
organic compound. 

Example 24.1: 


Combustion of 1.125 g of an organic compound produces 3.447g of CO; and 
1.647 g of H5O. Calculate the % age of carbon and hydrogen. 
Data: . 


Mass of organic compound = К125р 

Mass of CO; 2 3.447g 

Mass of H;O = 1.647g 

Yoage of carbon =? 

%аре of hydrogen =? 
Solution: 


% age of carbon in organic compound 


E 12522100. 4. - 
= Mass of CO; x 77 x Mass of compound 


e 1255 100 
COMES ад үрс 


= 83.6% 
% age of hydrogen in organic compound 


* og Duet AOE SES 
= Mass of H;O x 18 ^ Mass of compound 


222 100 
1.647g x 18 х 11258 


SO FP SS У. аз „єў 
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al Formula = 
d to determine the empirical formula: 
h element to calculate the mole ratios. 


Determination of Empiric 
The following steps are use 
i Divide the % by the atomic mass of eac 
_ %age of an element 
мое даар z Atomic mass 
Determine simple atomic ratio by dividing number of mole ratio of each element 


by the smallest one. ! 
If atomic ratios are in fractions, change them into whole numbers by multiplying 


with a suitable number. 
Write atomic ratios as subscript with each element to get empirical formula. 


ii) 
iii) 


iv) 
Example 24.2: 
Caffeine, central nervous system stimulant, is found is tea and coffee, and has 49.48% 
carbon, 5.19% hydrogen, 16.48% oxygen and 28.85% nitrogen. Calculate its 
empirical formula. 
Data: 

%age of carbon = 49.48% 

%age of hydrogen =5.19% 

%age of oxygen = 16.48% 

%аре of nitrogen = 28.85% 


Empirical formula of caffeine 3? 
Solution: 
i) Calculate mole ratio of each element. 
Mole ratio of carb = 149.4876 _ 
io of carbon 1201amu 4 
Mole ratio of hyd = 21999. = 
en l.01amu - 3 
Mole ratio of oxygen = 164899 . 
pare 16.00amu ^! 
Mole ratio of nitrogen 2.28.8590 _ 2 
| 14.01amu 
i) Determine simple atomic ratio 
Atomic ratioof carbon E == 4 
Atomic ratio of hydrogen = ‚= 5 
Atomic ratio of oxygen = 1 1 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Atomic ratio of nitrogen =< =2 
iji) The empirical formula of caffeine is CH3ON; 
petermination of Molecular Formula 
Following steps are used to calculate molecular formula: 


i) Divide the molecular formula mass by empirical formula mass to get value of n. 


Molecular Formula Mass 
Valué of. nom === Е 


Empirical Formula Mass 
ii) Multiply number of atoms of each element with value of 'n' to get molecular 
formula. 


Example 24.3: The empirical formula of benzene is CH. It molecular mass is 78 amu. 
Determine its molecular formula. 


Data: 
Empirical formula of benzene =CH 
Empirical formula mass of benzene = 13 amu 
Molecular formula of benzene = 
Molecular formula mass of benzene = 78 amu 
Solution: 
78amu . 


у V 3 
1) alue of n Таан 


ii) Molecular formula of benzene =6(CH) = СН; 
24.2 Modern Methods of- Analysis 


These are the newer methods of chemical analysis. These methods use modern 
or highly specialized instruments to measure physical quantities of the analyte such as 
light absorption ог ; emission, fluorescence, mass-to-charge ratio, ог 
conductivity. Highly efficient chromatographic and electrophoretic techniques are 
used to replace the classical methods (distillation, extraction and precipitation) for the 
Separation of components of complex mixtures. Examples of modern methods are 
spectroscopy, Chromatography, microscopy, etc. 

Modern methods are expensive because of the use of high specialized 
machines for chemical analyses. Modern methods have certain advantages over 
classical methods, which include the speed (they are fast), high sensitivity (they can 
detect very small amounts of a substance in a small amount of sample), versatility 

(simultaneous detection capabilities), multi-element analysis and automated operation 
of modern instruments. | 

In the early years of chemistry, the unsaturation іп a compound was determined 
* by the amount of hydrogen or halogen consumed. The presence of functional groups 


ar eS ee = = | 
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in organic compounds was determined by chemical tests. The halogens or sulphur in 
organic compounds were detected by chemical tests (sodium fusion tests). The 
aromaticity was determined by flame test. The molecular masses of compounds were 
determined by using the colligative properties. 
Today's scientists have developed sophisticated instruments that enable 
chemists to: 


i) Determine the unsaturation in a compound by UV spectroscopy. 
ii) Determine the presence of functional groups in organic compounds by IR 
spectroscopy. 


ii) Detect the halogens or sulphur in organic compounds by mass spectroscopy. 
iv) Measure the aromaticity by NMR spectroscopy. 
у) Determine molecular masses by mass spectroscopy. 
~ Organic chemistry has been revolutionized by the invention of spectroscopic 
methods. Spectroscopic methods are used for analysis and structure determination. 
The spectrometric methods use electromagnetic radiations as the basic tool. It 
is therefore necessary to understand the nature of electromágnetic radiations. 


F4ectromagnetic Radiations 

Electromagnetic radiation (EMR) is a form of energy and consists of both 
electric and magnetic fields. These fields are at right angles to each other and to the 
direction in which the wave is moving. Electroma 


gnetic radiation carries energy 
through space, it is also called radiant energy. 


Magnetic Field 


Source 
Electric Field. ` 


Direction 


Figure 24.2: Electromagnetic Radiations 
Electromagnetic radiations are all aro 
(infrared radiations) from a burnin g fire, the 


television, the X-rays used by doctors, the energy used to cook food in a microwave 
and the radio waves that carry music to our radios are all forms of electromagnetic 
radiation. Electromagnetic radiation includes gamma ra ‚ X-ray, ultra-violet (UV), 


visible, infra-red (IR), microwave and radio wave. They seem very different from one 
a REIT SER TTT SUNT TIE ү I NUT qe RES Sen rine 


und us and take many forms. The heat 
light that is emitted from the bulb, sun or 


руста 
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another, but they all show wavelike properties. Their w 


€ J throu h water. 
that move S 


All types of electromagnetic radiations move through a 
vacuum with the velocity of light (2.998x10* 


m/s). All electromagnetic radiations 
travel in straight lines. They are not 


affected by electric or magnetic fields. All 
electromagnetic waves can be reflected, refracted and diffracted just like light waves. 


Visible light (the light we see with our eyes) is only a small portion of the EM 


spectrum, which contains a broad range of electromagnetic wavelengths. 
Wavelength, Frequency and Energy 


All electromagnetic radiations can be characterized by their wavelengths, 
energy and frequency. The energy of radiation increases with increasing frequency 
and decreases with increasing wavelength. 

E = hv z hc/A. 
. Where, E is energy, h is Planck's constant, v (nu) is frequency, c is velocity of 
light and X (lambda) is wave length of radiations. 


Keep in Mind 


Wavelength 
The distance between two adjacent crests or trou 
(lambda). Its units are m, nm or A?. 

Frequency AN | 
The number of waves passing through a point in@ne’second is called frequency. It is shown by ‘v'. Its 
units are hertz or cycles/sec. C 


ghs of waye is called wavelength. It is shown by М 


де Л 


| Frequency (v) is inversely proportional to wavelength (A). 
Wavenumber N 


| The number of waves present in óne centimetre distance is called wave number. It is the inverse of! 
,Wavelength. Itis shown by V (nu bar). The unit of wavenumberiscm . 


Electromagnetic Spéctrum 
In addition to visible region, there are seven other regions of the spectrum. The 
ultraviolet, X-rays and y-rays are towards the lower wavelength end and infrared, 
microwave and radio waves are towards higher wavelength end. Visible light falls in 
the range of the electromagnetic spectrum between infrared (IR) and ultraviolet (UV). 
It has wavelengths of about 400 nanometers (nm) to 800 nm. When the different types 
of electromagnetic radiations are arranged in order of their increasing wavelengths or 
decreasing frequencies, the complete arrangement is called electromagnetic spectrum. 
Although almost all parts of the electromagnetic spectrum are used for studying 
Matter but in organic chemistry we are mainly concerned with three or four regions 
x: that are ultraviolet. visible, infrared, microwave and radio wave. 


ЮА гд, ; 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Wavelength (nm) n 7 : 
10° TR 10 400 800 10 10 10 


Infrared : Microwaves | Radiowaves 


400 420 460 480 500 550 620 800 
nm nm nm nm nm nm nm nm 
High Energy «———————————————————————————————- Low Energy 
Fig. 24.3: Spectrum of Electromagnetic Radiations ` 
The regions in increasing order of wavelen gth are: 

Gamma Rays: the energy change involves the nuclear excitation. 
X-rays: the energy changes involve the inner electrons of an atom or molecule. 
UV-Visible: the energy changes involve valence electrons of molecules. 
Infrared: the energy changes involve transitions between the vibrational levels of 


molecules.  , 
Microwave: the energy changes involve transitions to higher energy rotational levels 


of molecules. 
Radlo wave: the energy changes involve the reversal of spin of a nucleus or electron. 


Table 24.1: Electromagnetic Radiations and their Sources 


Electromagnetic EC 
. Radiations | range(nm) | — S 


, 


atomic nuclei 


may used for imaging. 


Heavy metal anode 


Used to image internal bones 


Used to sterilize food, 
medicine and surgical 
equipments and cause the 
body to produce vitamin D. 


—À 
NIU i DE 


Sun light 
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Electromagnetic | Wavelength 
range (nm) Uses 


Raciations 
800 — 10° 


Visible light 
Hot objects Warm objects and used in 


night vision technology to 
"see" in the dark 


Used for radar апа іп 


microwave oven to warm 
food 


Microwave 


AM апа FM “radio, 
mobile phone 


TV, 


24.2.1 Spectroscopy 

Spectroscopy is the branch of science which deals withthe study of interaction 
of electromagnetic radiation with matter. It is one of thé important experimental 
techniques used to determine the electronic structure of'atoms and molecules. It is 
used to determine the structure and functional groups-in organic compounds and is 
useful for studying the properties of molecules. It is-used to monitor the progress of 
chemical processes. It can also be used to measure the purity of products. 
Spectroscopy is also used to determine the chemical composition and physical 
properties of astronomical objects (such as their temperature and velocity). 


24.2.2 Spectroscopic Methods» 

The spectroscopic methods most often used by organic chemists are: ultraviolet 
(UV) and visible, infrared (IR), nuclear magnetic resonance (NMR) and mass 
spectroscopy (MS). » 


24..2.1 Ultraviolet-visible Spectroscopy | | | 

The ѕресігоѕсорухућісћһ deals with the study of interaction of electromagnetic 
radiation with matter in the ultraviolet region (200-400nm) and visible region (400- 
800nm) is called filtraviolet-visible (UV/Vis) spectroscopy. The amount of energy 
available in this radiation is sufficient to cause the promotion of loosely held electrons 
(non-bonding electrons or the electrons involved in a t-bond) to higher energy levels. 
^s UV/Vis spectroscopy involves electronic transitions, hence it is also known as 
electronic spectroscopy. Keep in mind that the energy levels of an atom are quantized, 
Only light with specific amount of energy can cause transitions from one level to 
another. : 
Principle of UV Spectroscopy ] | 

Molecules containing z-electrons or non-bonding electrons can absorb energy 
__ Їп the form of UV-Visible light to stimulate these electrons to higher anti-bonding 
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olecular orbitals. The more easily excited e electrons T : i energy level to 
h of light it can absorb. 
i level, the longer the wavelengt E. 
e еби ie number of the molecules that are capable of absorbing light at 4 


i ion of light. 
certain wavelength, the greater is the extent of the absorptio g 
i unds 
es of Electrons Present in Compo | = 

ER In UV/Vis spectroscopy, three types of electrons are involved in transitions: 

i) Sigma electrons (o-electrons): these electrons are present in sigma orbitals. 
o-Bonds are strong so that high energy is required for the promotion of these 
electrons. These types of electrons are found in alkanes. 

ii)  Pi-electrons (z-electrons): these electrons are present in 7-orbitals. These 
electrons are found in those molecules which have double or triple bonds. 
Examples are alkenes, alkynes, aromatic compounds, etc. | 

iii) Non-bonding electrons (n-electrons): these electrons .aré not involved in 
bonding. Non-bonding electrons are found in those compounds, which have 
heteroatoms (N, O, S, etc.). | 

Types of Electronic Transitions 

Four types of electronic transitions are possible: 


(i сс" (i) лэл" (iii) пэс“ (iv) > x 


* м С. б 
| The o> п transition 1s not allowed by selection rules. The order of energy 
for different transitions is as: n > n'«x > n'«n  o' e«g с" 


O (anti-bonding) 


< 


T (anti-bonding) 


ENERGY 


n (non-bonding) 


T (bonding) 


4: Energy levels of electronic mur s 


SSNs 


5 
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j Sigma to Sigma Star (696) Transitions 

The promotion of electron from bonding sigma orbital to associated high 

energy antibonding sigma orbital (00°) require higher amounts of energy and 

usually involve absorption of ultraviolet radiation below 150nm. This is due to 
stronger sigma bonds. This is the only transition available in alkanes. For example, 
methane has carbon-hydrogen bonds only and shows absorbance maximum at 125nm. 
These transitions are not available in normal U V-Visible regions (200-800nm). 
ii) Pi to Pi Star (t7) Transitions 

The promotion of electron from bonding pi orbital to associated high energy 
antibonding pi orbital (лэл ) require lesser amounts of energy than пЭ, 090 
transitions. The transitions in unconjugated alkenes usually involve absorption of 
ultraviolet radiation around 170-190 nm and the non-conjugated carbonyl compounds 
involve the absorption of visible radiation around 200-300nm. ‘This transition 15 
available in conjugated alkenes, alkynes, carbonyls, nitriles, aromátic componnds, etc. 
ili) nto Sigma Star (n 40°) Transitions C 

The promotion of electron from non-bonding "orbital to high energy 
antibonding sigma orbital (n — 6 ) require lesser amounts of energy than сэс’ 
transitions and usually involve absorption of 150:250nm. This type of transition is 
shown by saturated compounds containing atoms with lone pairs of electrons like N, 
O, S and halogens. For example, the maximum absorption for hydrogen monoxide 
(H20) is 167nm and that of methyl alcohol (CH3OH) is 183nm. 


I) nto Pi Star (n >n") Transitions. 

The promotion of electron from non-bonding orbital to high energy 
antibonding pi orbital (n > 7.) require the least amounts of energy than all other 
transitions and usually involve absorption at longer wavelengths around 300nm. This 
kind of transition is shown’ by unsaturated molecules containing heteroatoms such as 
N, O and S. Saturated aliphatic ketones show absorption around 280nm. For example, 
acetone shows absorption maximum at 279 nm. 


Instrumentation and Working of UV/Visible Spectroscopy 
The modern UV spectrometers (double beam spectrophotometer) consist of the 
following parts: 


i) Light source ii) Monochromator 
iii) Beam Chopper iv) Sample and reference cells 
v) Detectors vi) Amplifier 


vii) Recording device 
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Tungsten lamp 


À 
Deuterium lamp 


Fig. 24.5: Instrumentation of U V/Visible spectroscopy 


Light Source : | 
Tungsten filament lamps and Hydrogen-Deuterium lamps. are most widely 


used. 


Monochremator : 

Electromagnetic radiation from the source of light enters the monochromator 
through entrance slit. The monochromator is used to disperse the radiation into 
different wavelengths. Monochromators (also known as. wavelength selector) | 
generally composed of prisms and slits. 

Beam Chopper (Beam Splitter) = | 

Chopper is device consisting of circular disc. It splits the monochromatic beam 
of light into two beams of equal intensities. 


Sample and reference cells 

These cells are made of either silica or quartz. Sample under measurement and 
the reference solution are placed in the cells. One of the two divided beams is passed 
through the sample solution запі second beam is passed through the reference 
solution. : 
Detectors 

Detectors have photocells. One of the detector receives the beam from sample 
cell and second detector receives the beam from the reference. Both the detectors 
generate voltage proportional to the radiation energy that strikes them. 
Amplifier 

The voltage generated in the photocells is transferred to the amplifier. 
Generally voltage generated in the cells is of very low intensity, the main function of 


Pepsi is to amplify the signals many times to generate clear and recordable 
signals. 


Recording device 
Recording device is generally computer system. It automatically stores and 


records all the data and generate the spectrum of sample under investigation as a plot 
of wavelengths of absorbed radiations against absorbance. 
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Fig. 24.6: UV/Vis Spectrum of Асеіойе 


Applications of UV-Visible Spectroscopy 
UV-Visible spectroscopy is one of the most useful tools and is usually used in 

analytical chemistry for qualitative and quantitative analyses. Some of the 

applications of UV-Visible spectroscopy аге? 

i) It is used for the determination of'equilibrium and dissociation constants. 

ii) Itis useful for the determination òf rate of chemical reaction. 

iii) It is also useful to detect the-Structure of organic compounds, the presence от 
absence of unsaturation,.the presence of heteroatoms and the impurities in the 
samples of organic compounds. 


24.2.2.2 Infrared Spectroscopy 


The spectroscepy which deals with the study of interaction of electromagnetic 
radiation with пабег in the infrared region from 0.8um to 1000um (or 800- 
1000000nm) fs'called infrared (IR) spectroscopy. IR spectroscopy is concerned with 
the study of absorption of infrared radiation, which causes vibrational transition in the 
molecule. Hence, IR spectroscopy is also known as vibrational spectroscopy. Not all 
the molecules can absorb IR radiation. Molecules absorb radiation when a bond ir the 
molecule vibrates at the same frequency as the incident radiant energy. After 


absorbing energy, the molecules have more energy and vibrate at increased 
amplitude. 
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"rhe entire IR «шой сап Бе divided into three regions: near IR, middle IR and far 
IR. A со: E ten to 2.5um (800-2500nm or 12500-4000cmr !) is called near 
infrared and that from 2.5jm to 25pm (2500-25000nm от ) is called 
middle infrared region. The region from 25um to 10004m (or 25000- 1000000nm or 
A00-10enr') is called far infrared, Pure vibrational transitions occur in the infrared 
region 2,5-15pm (4000-667emr '), hence most organic chemists are interested in this 
region. | 


° Midde 


Both wavelength and wavenumber units are used in describing IR spectra but 
most chemist use wavenumber rather than wavelength in IR-spectroscopy. This is 
because the wavenumber is directly proportional to energy, unlike the wavelength, 


which is inversely proportional to energy. Thus, the wavenumber is more comparable 
to frequency as compared to wavelength. 


Keep in Mind - 
When we sit in the sun or close о, hea 
at waves) б b 


(Aia iat 
m s= 
0 vi 


enough to vibrate our skin molecules, tli 
.. skin molecule, во we feel warmth, — ~ 


MOSES 


Principle of IR Spectroscopy 


Molecules are made up of atoms linked by chemical bonds. The movement of 
atoms and the chemical bonds is like spring and balls (vibration).This characteristic 


vibration is called natural frequency vibration.If the bond is stretched or compressed 
and then released, the atoms vibrate. | 


Spring force Spring force сз Ea 
Stretched | Compressed Equilibrium 
bond length 


Fig. 24.7: Molecular Vibrations 


When energy in the form of IR radiation is a 


pplied then it causes the vibration 
between the atoms of the molecules. As a result the absorption of IR radiation takes 
place and a peak is observed. 
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Molecular Vibrations (Vibrational Modes) of IR Spectroscopy 
Atoms in a molecule do not remain at fixed positions with respect to each 
other, but actually vibrate back and forth about an average value of the interatomic 
distance. A molecular vibration occurs when atoms in a molecule are in periodic 
motion while the molecule as a whole has constant translational and rotational 
motion. The frequency of the periodic motion is known as vibration frequency. 
Types of Molecular Vibrations (Vibrational Modes) 
There are two main types: stretching and bending vibrations. 
i) Stretching Vibrations 
Stretching involves a change in bond lengthsresulting in а change.in interatomic 
distance. 
Types of Stretching Vibration 
There are two types of Stretching Vibrations: 
Symmetric stretching: : 
In symmetric stretching vibration, two or more bonds vibrate in and out 
together. 


9 


Symmetric Stretching 
Asymmetric stretching: | 
In asymmetric stretching, some bonds are getting shorter and the others are 
getting longer at the same time with respect to the central atom. 


Р) * 


Asymmetric Stretching 
ii) Bending vibrations 
Bending vibrations involve the ch 
of a group of atoms with respect to the rest o 
. bending vibrations, remain constant. 


ange in bond angles or change in the position 
f the molecule. The bond lengths, in 


— - x 
2 pO. 
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Types of Bending Vibrations idm 
А ig vibrations. 


There are four types of bendit 


Scissoring 
Scissoril and away from each other 


like the movement of scissors. 


ig is the movement of two atoms toward 


S 
eRe 


Scissoring 


Rocking i 
Rocking is the movement of atoms in the same direction within a plane. It is 


like the motion of pendulum on a clock, here an atom is a pendulum and there are two 


instead of one. 


| У; Rocki 
Wagging i 
Wagging is the simultaneous motion of two atoms that move up and down the 


plane with respect to thé central atom. It is like the motion in which you make à EV. 
sign with your fingers and bend them back and forth from your wrist 


M. Wagging Vibrations à 
Twisting 

Twisting involves when one atom moves up the plane and the other atom 

moves down the plane with respect to the central atom. 
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Twisting Vibrations 
Factors Affecting Vibrational Frequency 
The frequency absorbed depends on: 
(i) the masses of atoms in the bond (ii) the strength of the bond (iii) the. po metry of 
the molecule (iv) and several other factors. 
Keep in mind that heavier the atoms, lower is the vibration frequency of the 
bond between them. Stronger the bond, higher is the vibration frequency. 


Instrumentation of IR Spectroscopy С 
Instrument that is used to determine the absorption spectrum of compound is 
called infrared spectrometer or, more accurately, infrared spectrophotometer. The 
most common spectrophotometer is double beam: spectrophotometer. It is similar to 
that of UV spectrophotometer. Its main components are: i 
(i) radiation Source (ii) Fore optics (iil) monochromator (iv) sample cell (v) 


detector (vi) recorder Cy 
Sample g 


Reference 


i) Radiation Source 
The commonly used sources are Nernst glower and globar. 
_ Nernst glower is ahollow rod of rare earth oxides (zirconium, thorium and 
cerium), 
Globar is a silicon carbide rod. 
Nernst glower is used for shorter wavelengths and globar filament is used for 
longer wavelengths. | 


USER aS ean te SURE лур 


Fig. 24.8: IR Spectrophotometer 
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і) Opues ; : ‘errors divide : 
and a rotating mirror. Mirrors c ivide the light from 


Optics consists of mirrors : on a 
‘nto two beams of equal intensity. One of the two divided beams is 


| second beam is passed through the reference (solvent) 
allows light from each of the beams to enter the 


the infrared source 
passed through the sample anc 
Tue rotating mirrors alternately 
monochromator. 
iii) Chopper 

Chopper recombines the light before enteri 
the two beams alternately to a prism (or diffraction grating). 


iv) Monochromator 
Prisms and grating can be used as monochromator. Мп дог produces 


ng into monochromator. It passes 


single wavelength radiations. 
v) Detector 

Detectors convert thermal energy into electrical energy: 
vi) Amplifier 

The signals obtained in the detector are amplified many times to generate clear 
and recordable signals. 
vii) Recorders 

Recorder automatically records all the data on a computer and plots the IR 
spectrum of the sample on a graph. It usually plots the transmittance or absorbance 
against wavenumber. - à 
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Applications of IR Spectroscopy 
It is widely used in both organic and inorganic chemistry. Some of the - 
applications of IR spectroscopy are: 

i) Itis mainly used for structural determination of organic compounds. 

ii) It is used to detect the presence с: absence of a particular functional group in the 
compound. 

iii) It is being used to help identify tne structure of complex molecules in space. 

iv) Itis very effective for the detection and measurement of even minute quantities 
of the chemical compounds; hence it is widely applied in environment analysis, 
forensic analysis, industries and research. 

v) It has also been successfully utilized in the field . of semiconductor 
microelectronics: for example, infrared spectroscopy «can be applied to 


semiconductors such as silicon, gallium arsenide, galliüm nitride, zinc selenide, 
amorphous silicon, silicon nitride, etc. 


24.2.2.3 Nuclear Magnetic Resonance (NMR) Spectroscopy 

The spectroscopy which deals with the study of interaction of electromagnetic 
radiation with matter in the radiofrequencyrégion is called nuclear magnetic 
resonance (NMR) spectroscopy. 

The range of NMR region is from 7.5 x 10'° nm to 4.0 x 10° nm (75m to 0.4m 
or 4 MHz to 750 MHz). 

Many nuclei may be studied by NMR techniques but hydrogen (proton i.e. 'H 
NMR) and carbon (carbon — 13: Le, ^C NMR) are mostly available. 

The proton NMR gives information about the number and type of hydrogen 
atoms in a molecule. Thé.carbon — 13 NMR is an important tool in chemical structure 
elucidation in organic;chemistry. 


Theory of NMR Spectroscopy 
Atoms-have nuclei, which have many of the same properties that electrons 

have. A nucleus has a certain total charge (denoted by Z), and some of them also spin 
about their axes in a manner that electrons spin about their axes. The spin quantum 
number (spin) of a nucleus is denoted by Z . The spin quantum number of a nucleus is 
determined by the number and pairing of the individual particles. The rules for 
determining the net spin of a nucleus are as: 
i) The nucleus has NO spin when the number of protons and the number of 
neutrons are both even. 
The nucleus has a half-integer spin (i.e. 1/2, 3/2, 5/2) when the sum of the 

Bumper of protons a анал neutrons is odd. 


ii) 
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1, 2, 3) when the sum of the number of 


iii as an integer spin (i.e. 
he nucleus has an integer spi ! 
ee aber of protons and the number of neutrons 


protons and neutrons is even. The nun 
are both odd in this case. 


Table 24.2: The Spin Quantum Number of Some Atoms 
No. of Protons 
(Atomic Number) 


————— —— 
— 


Examples 


Number 


No. of Mass |Spin Quantum 
Neutrons | Number 


4Не(0), 2С(0), 'g0(0) 


1Н(1/2), 


Even or odd Even or Half-integer 
| Sud 1Li(3/2), 5c 1/2), 10(5/2) 


The table shows that the nuclei with an odd mass number or odd atomic 
number have nuclear spins. The nuclei that have nuclear spits such as Н or "C are 
said to be NMR active nuclei i.e. they have magnetic fields. When the nuclei have an 
even number of protons and neutrons such as "C and 1*5 their magnetic fields cancel 
out and they have no overall magnetic fields. These nuclei are NMR inactive. 


Principles of NMR Spectroscopy Е 

All nuclei with non-zero spins have magnetic moments (1). Thus the nucleus 
can be considered to be a tiny bar magnet. The magnetic moment is generated by 
charge and spin of nuclei. AJ 

Without an external applied magnetic field, the nuclear spins are random in 
directions. But when an external magnetic field is applied, the nuclei align themselves 


either with or against the field of the external magnet. 
In the absence of In the presence of , 
magnetic field magnetic field 
Fig. 24.10: Nuclear Spin 


It is possible to excite these nuclei into the higher level with electromagnetic 
radiation. The frequency of radiation needed is determined by, the difference in energy 


ратор Lg ona i aur 


External magnetic field 


f Psy d.a 
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| between the energy levels.This is very important to know that the lower energy level 
will contain slightly more nuclei than the higher level. 
| In the presence of an external magnetic field, two spin states 
exist, - 1/2 and -1/2. 
The magnetic moment of the lower energy +1/2 state is aligned with the 
external field, but that of the higher e':ergy —1/2 spin state is opposed to the external 
field. 


Spin =—1/2 
(aligned against the 
applied magnetic field) 


Higher energy state 


Spin 51/2 
(aligned with the applied 
magnetic field) 


Lower energy state 


Fig. 24.11: Energy Level for a Nucleus 


The stronger the magnetic field, the'larger the energy difference between two 
nuclear spin states and higher the energy-(frequency, v) needed for the resonance. | 
The amount of energy absorbed is recorded as NMR Spectrum. In practice 

either the magnetic field can be held constant and the radio frequency varied or more 
commonly the radio frequency can be held constant and the magnetic field varied. 
The main purpose of NMR i&nót to detect the presence of proton in a molecule. It can 
be distinguish between-protons in different chemical environments with in the 
molecule. The number. of signals recorded on the NMR chart paper indicates the 
number of different types of protons in molecules. The position of the peak can give 
Information about.the molecule structure in the vicinity of the proton. Protons are of 
two types’ equivalent and non-equivalent protons. Equivalent protons are those in the 
Molecule that are chemically indistinguishable while non-equivalent protons are 
chemically distinguishable. a 
CH, 


a b a b a 
CH3—CH5-—GI CH CH=CH, 


a = Equivalent Protons 
x b = Non-equivalent Protons 
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NMR Spectrometer 

used to get NMR spectra are usually named NMR 
x collection of electronic equipment. NMR 
a small but measurable energy 


and Working of 


Instrumentation 

Instruments that are 

It contains a comple 

ery. powerful m: 
spin states. 

Sample tube 


spectrometer. 
spectrometers use v 
difference between two possible 


ignets to create 


Fig. 24.12: NMR Ѕресіготегеё гў 


The sample is dissolved in a solvent, usually-CDCl; (deutero-chloroform), and 


placed in a magnetic field. A radiofrequency generator then irradiates the sample with 
a short pulse of radiation, causing resonance, When the nuclei fall back to their lower 
energy state, the detector measures the energy released and a spectrum is recorded. 


NMR Spectrum am 

The NMR spectrum is a plot of intensity of NMR signals versus magnetic field 
(frequency) in reference to TMS (tetramethylsilane). NMR signal is plotted on the y- 
axis and frequency on the x-axis. The value of frequency increases from right to left 
rather than left to right. In .NMR spectrum we do not use unit Hertz (cycles per 


second) but rather we use parts per million (ppm). 
Qs 


Intensity ———— 


8 7 K 5 4 3 
‘тедиепсу (ppm) 
Fig. 24.13: A sample of NMR Spectr 


NAE RES DAD REE E E OEIT EETA нана 


Scanned with CamScanner 


pe MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Applications of NMR Spectroscopy 
Nrclear magnetic resonance (NMR) spectroscopy is one of the most powerful 

and widely used techniques in chemical research for investigating structure and 

. dvnamics of molecules. Some of the applications of NMR spectroscopy are: 

т Advanced methods can even be utilized for structure determinations of 
biopolymers, for example proteins or nucleic acids. NMR is also used in 
medicine for magnetic resonance imaging (MRI). 

ij ММК is used in biology to study the biofluids and biomacromolecules such as 

Nucleic acids (DNA, RNA), carbohydrates, Proteins and peptides. 

NMR is used in physics and physical chemistry to study high pressure 

diffusion, liquid crystals, liquid crystal solutions, membranes and rigid solids. 

ivy) Ш has various applications in food industries, food science, chemical analysis 
of different products, pharmaceutical approach etc. To analyse the carbon- 
hydrogen framework in the molecule is the basic work of NMR technique. 


24.2.23.4 Atomic Absorption and Emission Spectra 

Atoms in which no electrons are in the higher vacant level are said to be in the 
ground state while atoms in which there is an electron in the higher level are said to 
be in an excited state. The ground state is the mést stable electronic state. The 
movement of an electron from one energy level.to another energy level within an 
atom is known as electronic transition. It is nóted that the light coming is must be 
exactly equal to the energy difference Бер the two electronic energy levels, 


otherwise the atom will not absorb it. cy 
Atomic Absorption Spectrum 5N | 

The absorption spectrum of "an atom is the spectrum of wavelengths or 
frequencies of photons that are absorbed by the atoms due to jumping of electron from 
lower energy level to higher energy level. The wavelengths or frequencies that are 
absorbed will appear as dark lines on a bright background. Absorption occurs upon i 
supplying radiation. The-absorption spectrum of sodium gives two dark lines of 
wavelength 589.0 nni;and 589.6 nm and that of hydrogen gives four different dark . 
lines of wavelength 410 nm, 434 nm, 486 nm, and 656 nm. 


Ш) 


Atomic Emission Spectrum 

The emission spectrum of an atom is the spectrum of wavelengths or 
frequencies of photons that are emitted by the atom due to falling of electron from 
higher energy level to lower energy level. The wavelengths or frequencies that are 
emitted will appear as bright lines on a dark background. Emission occurs even in the 
absence of a radiation source. It is interesting to know that, the positions of bright 
lines in emission spectrum is exactly same as the position of dark lines in absorption 
Spectrum, that is the energy of radiations emitted by excited hydrogen are exactly the 
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same as energies absorbed by cold hydrogen. The emission spectrum of sodium gives 
two bright lines (golden yellow lines) of wavelength 589.0 nm and 589.6 nm and that 
of hydrogen gives four different bright lines of wavelength 410 nm (violet), 434 пт 
(blue), 486 nm (bluish-green), and 656 nm (red). 


589.0 589.6 
nm nm 


410 434 A86 | 656 .. 800 
nm nm nm A , mnm 


TAS: 


TENET ҮҮ 
b Le м 1 2 
s 
um x] 2 Om 
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| Strontium gives red, barium gives green, potassium gives violet and copper gives blue 
| coloured lines on heating. These. are the colours of the flame test of these elements. In the | 
| discharge tube, the helium gas-glows with pink colour while neon glows with an orange red 
| 


И 


» z 1 


colour. 


Elements can be identified by their spectral lines because the spectral lines are different for | 
| every element. i 
mea 1 / 


Table 24.3: Difference between Emission and Absorption Spectra 


Emission Spectrum 


It is formed at high temperature. 


2 11015 formed when the substance is 
in the gaseous state ( vapours). 


Absorption Spectrum 


It is formed at low temperature. j 
It is formed when the substance is even 
in the liquid or solution state. 


In this spectrum, dark lines are 
present on bright background. 


In this spectrum, bright 
(coloured) lines are present on 
dark background. 
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Emission Spectrum 


m i has bright (definite colour) lines. 


24.2.2.5 Mass Spectrometry (MS) 
Mass spectroscopy is a technique th 
analyze the composition of sample 


other compounds by means of the separation of 


at is used to measure molecular masses, to 
and to elucidate the structures of molecules and 


gaseous ions according to their mass- 
to-charge ratio (m/z). Mass spectroscopy is also known as Mass spectrometry. 


Mass spectroscopy is not a true spectroscopic technique because absorption of 
electromagnetic radiation is not involved at all. Mass spectroscopy has very high 
sensitivity, low detection limits and the possibility of ionizing very small sample 
volumes. 

Principle of Mass Spectrometry, 

Mass spectrometry does not directly determine mass; it determined the mass- 
to-charge ratio. Mass spectrometry. Carry out three main functions that is: (1) the 
ionization of molecules, (ii) the separation of these molecules according to their mass- 
to-charge (m/z) ratio (iii) the determination of the respective abundance of each ion 
produced. | 
Instrumentation and Working of Mass Spectrometry 

The simplest form of mass spectrometer has following components: 

i) Sample inlet system (vapourizer) 

li) Топ source (ionization chamber) 

Accelerating plates and slits 

Analyzer (ion separation system) 

V) Detector (ion collector) 

vi) Amplifier 

Recorder 
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Heavy ions 
(Bend little) 


Ion source 


Light ions 
(Bend much) 


Fig. 24.16: Mass Spectrometer 

The sample (material to be analysed) is*introduced into an inlet chamber and 
converted into vapours state. These vapours are allowed to enter into ionization 
chamber. cow | 

The ion source is an essential Component of all the mass spectrometers where 
the sample molecules pass through: a beam of very high energy electrons emitted from 
electrically heated filament (usually tungsten filament). The electron-molecule 
collision gives considerable energy to the sample molecules that in turn emit electrons 
and produce positively charged ions. These positively charged ions have different 
masses depending upon the nature of isotopes of the element present in them. 

One essential component of all mass spectrometers is the vacuum system. lt 
produces the required vacuum conditions for ion generation and for separation and 
detection of ions. The pressure of the system is kept at very low so the ions move 
freely without any resistance from air molecules. 

A repeller plate, which carries a positive electrical potential, directs these 
newly created positive ions toward a series of accelerating plates. A large potential 
difference of 1 to iv kilovolts (kV) is applied across the accelerating plates to produce 


a beam of fast moving positive ions. The positive ions pass through one or more 
focusing slits to produce a uniform beam. : 
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Analyser (the ion separation system) separates the fast moving ions with 
respect to their mass-to-charge (m/z) ratios. If all ions have single positive charge and 
have the same velocity, then the amount of deflection is inversely proportional to the 
mass of each ion. The lighter ions are deflected more than the heavier ions. 

The ions ultimately reach an ion collector, where they are detected. An 
electronic signal is generated by the collector and is amplified before it is recorded. 
Frequently the data go directly into an on-line computer which generates the mass 
spectrum in digital or bar graph form. The mass spectrum is the 2D representation of 
ion intensity (relative abundance) against the mass-to-charge (m/z) ratio. In mass 
spectrum, the highest peak, called the base peak, is the standard against which the 
other peaks are measured. The base peak is arbitrary assigned a relative intensity 
value of 100. The spectrum helps us in determining the relative atomic masses as well 
as relative abundance (ion intensity) of isotopes of elements: In mass spectrum, the 
position of peaks shows relative atomic mass and the Jengt of peaks shows the 
relative abundance of the ion. Consider the EE of mass spectrum of iron. 


Relative abundance 


NI Mass number 
< ХУ : Graph 24.1: Mass Spectrum of Iron 
Here the horizontal axis shows the mass of each detected ion. The relative 
abundance of each ion can be found from the height of each peak. It is seen that there 
exist four isotopes of Iron, i.e. “Fe, Fe, “Fe and Ее, е with a relative 
abundance 5.896, 91.796, 2.296 and 0.396 respectively. Thus ?ÓFe is much more 
abundant in nature than the other isotopes. From this data the relative atomic mass of 
the *Fe* is calculated as follows, 
Average mass of 100 atoms of Fe = (54x5.8) + (56x91.7) + (57x2.2) + (58x0.3) = 5591 
M Average mass of 1 atom of Fe = = 5591. 2/100 = > 21 amu. 
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Consider another example of mass spectrum of chlorine. 


-— 
ИН 


Relative abundance 
po 
oc 


20 


38 39 40 


Graph 24.2:.Маѕѕ spectrum of chlorine 
The two peaks in the above spectrum show that there are two isotopes of 
chlorine with relative atomic masses of 35 and-37. The relative abundance of 
chlorine-35 is 75.77% and that of chlorine-37 is 24.23%. The average atomic mass of 
chlorine can be calculated as: х 
Average mass of 100 atoms of chlorine ~= (35x75.77)+(37x24.23)=3548 
Average mass of 1 atom of chlorine = 3548.46/100 = 35.48 amu 


Applications of Mass Spectrometry 

Mass spectrometry is one of the most important analytical techniques that is 
used in chemistry, biochemistry,-medicine, pharmacy, agriculture, material science, 
food science and many related fields of science. Some important applications of mass 
spectroscopy are as: A ` 

i) t is used to detérmine the molecular mass of compounds by separating 
molecular ions on the basis of their mass-to-charge ratio. 

i) It is also «used to determine molecular masses of peptides, proteins and 
oligonucleotides. 

iii) ` It is used for characterization and sequencing of different proteins. 

iv) It is used in materials science to identify the precise chemical composition of 
samples, which can help to explain why buildings or bridges collapse 
unexpectedly or why engineering components have suddenly failed. 

v) dt is used in forensic science to identify unusual substances found at a crime 
scene and match them precisely with similar substances found elsewhere. 

vi) 1t is used to identify chemical, biological, radiological, nuclear, and explosive 
threats. 
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vii) It can help us to understand our environment. We can use th 
quickly air and water pollution travels. 
viii) Mass spectrometers are increasingly being used for thin 
discovery, food contamination detection, virus and 


pesticide residue analysis, isotope ratio determination, pr 
carbon dating. 


em to measure how 


gs like drug testing and 
bacteria identification, 
otein identification, and 


| Summary of Facts and Concepts 
The analytical chemistry deals with the analysis of matter. The analysis means to 
find out the chemical composition of the matter that is, what type. of atoms 
constitutes the matter and how many atoms are forming that matter; 
The traditional methods of analysis are called classical methods of chemical 
analysis which are based on using the chemical reactions for analytical 
procedures. The traditional methods are time consuming and needs a lot of 
expertise. | 
The modern methods of analysis are based on the use of different radiations. ` 
These analytical procedures are termed as the spectroscopy. 
The modern methods called spectroscopy „аге. fast, require less amount of 
substance to be analyzed, and they use modern equipment like computers which 
make the results more accurate. 
The matter interact with the light or.radiations and as result of this energy is 
absorbed and subsequently emitted by the electrons in the atoms and molecules 
of any substance under observation. 
The table of all known radiations is called electromagnetic spectrum. 
The Instrument that is used in spectroscopy is called the spectrometer. 
Mostly used radiations of spectrum include infrared rays, visible light, ultraviolet 
rays and the X-rays. 
Stretching (symmetric or asymmetric) involves the change in bond lengths and 
bending (scissoring, rocking, wagging, and twisting) involves the change in 
bond angles. The most useful bands in an infrared spectrum correspond to 
stretching frequencies. 
Compounds (organic or inorganic) having covalent bonds absorb 
electromagnetic radiations in the infrared region. The main use of the technique 
is to determine the functional groups in the molecule. 
Our eyes also serve as a visible spectrometer for identifying different substances. 
White light is made up of different colour radiations. 


The molecular formula of a substance is determined by the use of nuclear 
Magnet 
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| Multiple Choice Questions / 
Four answers are given for each question. Select the correct answer. 
Volumetric analysis method is aimed for: 
(a) Analyzing solutions (b) Analyzing liquids only 
(c) Analyzing solids only (d) Analyzing volume only 
ii) | The combustion analysis methods are: 
(a) Only limited to organic compounds 
(b) Only limited to Inorganic compounds 
(c) Covered both organic and inorganic compounds 
(d) Covered only physical characters of a chemical compound. 
iii) Тһе salt analysis covers: 
(a) Analysis of organic compounds 
(b) Analysis of Inorganic compounds 
(c) Both organic and inorganic compounds 
(d) Analysis the sodium chloride only. Р NM 
iv) | Mass spectrometers separates ions on which of the following: 
(a) Mass (b) Charge 
(c) Mass-to-charge ratio 95 “Molecular mass 
y) The Ultraviolet light has energy: 
(a) More than red light О 7) Less than red light - 
(c) More than X-rays LV (d) More than gamma rays 
vi) The red light has wave йәй from: : 


(a) 400-450nm А“ (b) 450-550nm 
(c) 550-620nm <“ (d) 620-800nm 
vii) The portion of. the fire that feels us warm is 
(a) Ultraviolet’ rays (b) Infrared rays 
(c) Visible radiations (d) Yellow light of fire — . 
viii) Тһе globar rod in IR spectrometer is made of: 
(a) Oxides of zirconium (b) Silver carbide 
(c) Oxides of cerium (d) Silicon carbide à 
ix) The colour of a chemical compound results from | 
(a) Stretching of molecules (b) Bending of molecules 
(c) Release of energy (d) Electronic transitions 
x) Mass spectroscopy is used to determine 
(a) Molecular masses (b) Functional group 


(c) Type of atoms А wer Unsaturation 
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0.1. 
QA. 
Q.3. 
Q.4. 


Q.5. 


Q.6. 
Q.7. 
0.8. 
0.9. 
0.10 


Short Answer Questions · 


Define chemical analysis. What are the main types of chemical analysis? 
What is the importance of qualitative analysis and quantitative analyses? 
What are the different types of spectroscopy? 

What is the main use of IR spectroscopy? 

Why most chemist use wave number unit rather than wavelength in IR 
spectroscopy? 

How UV-Vis spectroscopy differs from IR spectroscopy? 

How does the detector in NMR spectrometer work? 

What are the principles of mass spectrometer? 

Name the factors that affect vibrational frequency. 

Give three applications of mass spectroscopy. 


(0.1. What is chemical analysis? Explain qualitative'and quantitative analysis with at 


Q.2. 


Q.3. 


Q.4. 
Q.5. 


Q.6. 
07. 
Q.8. 


0.9. 


Q.10, 


Q.11. 


least one example. 


What do you know about classical and modern methods? Compare classical 
methods of analysis with modern methods. 


What is the difference between- volumetric and gravimetric methods of 
analysis? 
What is combustion analysis? Discuss the procedure of combustion analysis. 


What are electromagnetic radiations? Describe the regions in electromagnetic 
spectrum in detail? 


Define and explain'atomic absorption and emission spectra. 
Define spectroscopy. What are the applications of spectroscopy? 


What is UV-Vis spectroscopy? Explain the principle and applications of 
UV-Vis spectroscopy. 

Explain the various electronic transitions possible on the absorption of 
UV-Visible radiation. 


Write a note on infrared spectroscopy? Describe the principle and applications 
of IR spectroscopy. 


Explain the various vibrations possible when a molecule absorbs infrared 
radiation. 
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Q.1. When 2.203g of sample of an organic compound was burnt in a combustion 
tube, 4.401g of CO; and 1.802g of НО were produced. Determine the % age 
of carbon, hydrogen and oxygen atoms. 

Q.2. An unknown compound contains 14.31% sodium, 9.97% sulphur, 6.22% 
hydrogen and 69.5% oxygen. Calculate the empirical formula of the 
compound. 

Q.3. The empirical formula of glucose is СН,О. It molecular mass is 180 amu. 
Determine it molecular formula. 

Q.4. Calculate the average atomic mass of neon with the help of: mass spectrum 
given below: Ха 


E: 


Relative abundance 


204. 
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Introduction, 286 
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Transition Elements, 58-59 
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Coal, 89-90 
Colour of: j 
Complexes, 69-71 
Combustion Analysis, 360-361 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Coordination Compounds: 
Component, 62-64 
Definition, 62 
Nomenclature, 65-68 

Coordination Number, 64 
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Cosmetics, 322-326 
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Definition, 107 
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Nomenclature, 114-115 
Physical Properties, 117 
Reactivity, 119 
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Structure, 118 
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Density of: 

Alkali Metals, 26 
Destructive Distillation of Coal, 92-93 
Detection of: 

Halogens, 100 
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Sulphur, 100 
Dissolved Solids, 348 
Dyes: 

Chemical Composition, 3 17 

Classification, 318 

Introduction, 316 
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Effect of Heat on: 
Nitrates of Alkali Metals, 28 
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Carbonates of Alkali Metals, 28 
Carbonates of Alkaline Earth 
Metals, 33 
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Electrical Conductivity of: 
Chlorides of Period 3 Elements, 22 


Dues zi гае 3 кы 17-18 
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Electromagnetic Radiations, 364-365 
Electromagnetic Spectrum, 365-367 
Electron Affinity of: 

Halogens, 42 
Electronegativity of: 

Alkali Metals, 25 

Alkaline Earth Metals, 31 

Halogens, 42 

Period 3 elements, 11-12 
Electronic structure of: 

Period 3 elements, 9 

Transition Elements, 56-57 
Electronic Transitions; 368-369 
Elimination Reactions, 185-187 
Empirical Formula: 

Determination, 362-363 
Environment, 333-334 
Environmental Chemistry, 332-333 
Enzymes: 

Application, 297-298 

Factors, 296-297 

Introduction, 295 ` 

Role, 295-296 
Ethers: 

Introduction, 229-230 

Nomenclature, 230-231 

Physical Properties, 231 

Preparations, 231 

Reactions, 232 

Reactivity, 231-232 
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Flame Tests of: 

Alkali Metals, 29 
Fossil Remains, 89-90 
Functional Group, 95-97 
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Global Warming, 343 Instrumentation, 375-376 
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Goal, 352 Ionic Character of: 
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Green House Effect, 342 Alkali Metals, 25 

Grignard's Reagent: Alkaline Earth Metals, 30-31 
Introduction, 189 Period 3 elements, 10-11 
Preparation, | 89 Ionization Sphere, 64 


Reactions, 190-192 Isomerism, 132-133 
Reactivity, 190 
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Group 14 (IVA) Elements, 35 
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H Introduction, 238 
: Nomenclature, 240-241 
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Introduction, 325 Preparation, 243-245 
Side Effects, 326 Reactions, 245-254 
Types, 325-326 Reactivity, 245 
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Definition, 97 Lipids: 
| General Characteristics, 98. Classification, 298-299 
Hydrocarbons: Importance, 301 
Introduction, 106 Introduction, 298 
Types, 106-107 Properties, 299-300 
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Transition Elements, 59-60 
Industrial Chemistry: Markovnikov's Rule, 128 
Introduction, 313 Mass Spectroscopy: 
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Application, 377 | Instrumentation, 383-386 
Introduction, 371-372 Principle, 383 


Scanned with CamScanner 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Melting Points of: 

Alkali Metals, 26 O 
Alkaline Earth Metals, 3 1 Olefins, 321 
Chlorides of Period 3 Elements, 22 Oligosaccharides, 287-288 

Halogens, 42-43 Optical Activity, 134 
Oxides of Period 3 Elements, 17 ` Optical Isomers, 134-135 
Period 3 elements, 12-13 Organic Chemistry, 89 
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Definition, 108 
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Glossary 
Acetals. Acetals are formed when hemiacetals react with second molecule of alcohol 
Achiral: A molecule that is superimposable on its mirror image. It has a lack of 
handedness. 
Activating group: The electron donating groups that increase the reactivity of the 
aromatic ring towards electrophilic substitution such as hydroxyl group (—OH). 


Acylation: The replacement of hydrogen of benzene by an acyl group (—COR) is 
called alkylation. 


Addition Reactions: The most important reactions of alkenes are the addition 
reactions. 

Alcohols: Alcohols are organic compounds in which hydroxyl group is attached to 
alkyl group. 

Alkanes: Alkanes are saturated hydrocarbons containing single bonds between 
carbon atoms. 


Alkenes: Unsaturated hydrocarbons containing one or more carbon-carbon double 
bonds in their structures. 
Alkylation: The replacement of hydrogen of benzene by an alkyl group (—R) is 
called alkylation. | 

Alkyl Group: Alkyl group is formed by the removal of one hydrogen atom from an 
alkane. 

Alkyl Halides: Organic compounds in' which one or more hydrogen atom(s) of an 
alkane are replaced by one or more halogen atom(s). 

Alkynes: Unsaturated hydrocárbons containing one or more carbon-carbon triple 
bonds in their structures. 

Amines: Organic compounds in which one or more hydrogen atom(s) of ammonia are 
replaced by alkyl or aryl-groups. 

Ammonolysis: The: process of cleavage of the carbon-halogen bond by ammonia 
molecule. 

Anomers: Similar molecules differing in the configuration at the hemiacetal 
(anomeric) carbon (carbon-1 atom of an aldose or the carbon—2 atom of a 2-ketose). 
Apoenzyme: The proteinaceous part of enzyme. 

Bond angle: The angle formed between two adjacent bonds. . 

Bond Enthalpy: Bond enthalpy, also known as bond energy, is the amount of energy 
required to break one mole of covalent bonds in a gaseous substance. 

Carbocation: Carbocations are carbon atoms in an organic molecule bearing positive 
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ehyde or polyhydroxyketones or compounds which 
is. They include sugars, starches, celluloses, and 
in the diet of animals. 


Carbohydrate: Polyhydroxyald 
give such compounds on hydrolysis. 
gums and serves as à major energy source 
Carbolic Acid: The 5% aqueous solution of phenol. 

Carbonyl Group: A functional group composed of a carbon atom doubly bonded to 


an oxygen atom (C—O) 
Catenation: The self-linking property of atoms of 
rings. 

Catalytic Hydrogenation: The addition of 
an unsaturated hydrocarbon in the presence of catalyst. | 

Chiral: A molecule that is not super imposable on its mirror image. lt has 
handedness. The objects that show handedness are golf clubs, scissors, shoes and a 


corkscrew. 
Chiral carbon atom: A carbon 
Chiral centers: Tetrahedral atoms usually car 


substituents. 
Cis-trans Isomers: Compounds having same molecular ánd structural formulas but 


restricted rotation about certain bonds. 
Coenzyme: The non- proteinaceous part of the enzyme. 
Complex Ion: An ion in which a central metal'atom or ion is surrounded by ligands 
(group of ions or molecules). 
Deactivating group: The electron withdrawing groups that decrease the reactivity of 
the aromatic ring towards electrophilic substitution such as nitro group (—NO)). 
Decarboxylation: The loss of carbon dioxide from the carboxyl group of a molecule. 
Dehydration: A chemical reaction that involves the loss of a water molecule from 
the reacting molecule. The alcohols can be dehydrated to produce alkenes. 
Delocalization: The distribution of electron density over more than two atoms that 
are bonded together. T | EE: 
Delocalization energy: See resonance energy. 
Dextrorotatory: „Ах substance that rotates plane polarized light in a clockwise 
direction. 
Diamagnetism: A form of magnetism whereby certain materials are slightly repelled 
by an external magnetic field. 
Electrophile: Positively charged or neutral specie that can accept an electron pair in а 
reaction. 
Elimination Reaction: A chemical reaction that involves the removal of two atoms 
or group of atoms from two adjacent carbon atoms of a substrate molecule. 
Electromagnetic Spectrum: The entire range of wavelengths or frequencies of 
electromagnetic radiation extending from the highest energy gamma rays to the 
lowest energy radio waves. 


Y 


an element to form chains and 


hydrogen across a double or triple bond of 


atom that is bonded to four different atoms or groups. 
bon atoms having four different 
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| Empirical Formula:The simplest formula that indicates the relative proportion of 


atoms present in a compound. It does not show actual number or arrangement of 
atoms. 

(o Enzymes: Biological molecules that act as catalysts within living cells. 
Epoxidation:The addition of oxygen (O2) to alkene is called epoxidation. 
Fsterifiention:An equilibrium reaction in which an alcohol and an acid (carboxylic 

acid) form an e: er as the reaction product. 


(o hers: A class of organic compounds that consist of an oxygen atom bonded to two 
alkyl or/and aryl groups. 


 Fat:Triesters of glycerol and fatty acids. They are generally soluble.in organic 
solvents and largely insoluble in water. 

` Fibres: Thin threads of natural or artificial substances from which a vegetable tissue, 
mineral substance, or textile is formed. Natural fibres include cotton, hair, fur, silk, 
and wool. Natural fibres are of plant or animal origin. The most important synthetic 
fibres are dacron, nylon, orlon, and polypropylene. 

Fatty Acids: A carboxylic acid with a long aliphatic chain, which is either saturated 

or unsaturated. 

Fullerenes:An allotrope of carbon in the form of a hollow sphere, ellipsoid, tube, and 

many other shapes. > 

Functions! Greup:An atom or group of:atoms within a molecule which confers 
specific properties to a compound. It i$ the reactive part of the molecule. Each 
functional group has its characteristic reactivity. 

Grignard Reagents:Alkyl magnésium halides (RMgX) are commonly known as 
Grignard Reagents. 7 

Groups: Columns of elementS-in the periodic table. 

Halohydration:The addition of hypohalous acid to alkenes. 

Heat of Hydrogenatipri:The amount of heat evolved when one mole of an alkene is 
hydrogenated. 

Hemiacetals: These compounds are formed by the addition of an alcohol molecule to 
carbonyl group:-On the other hand, acetals are formed when hemiacetals react with 
second molecule of alcohol. 

Homologous Series: A series of compounds with the same functional group in which 
each member differs from the next member by a methylene (—CH2—) group in their 
formula. 


Hydration The addition of water to an unsaturated compound particularly an alkene 
or alkyne. 
| HydrehalogenationThe addition of HX to alkenes. 
1 Hydraoesrbons: Compounds containing atoms of carbon and hydrogen only. 
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Hydrocenation: The addition of hydrogen across a double or triple bond of an 
urisaturated hydrocarbon. | 
Compounds having same molecular formula but different structures. | 


| saveretatery: А Substance that rotates plane polarized light in an anticlockwise 
йе боп. | 
Lipidk. They include fatty acids, neutral fats, waxes and steroids (like cortisone). 


They are soluble in organic solvents such as alcohol, ether and chloroform. They are 
insoluble in water. 


SOMES: 


Marlicuntkov’s 7 According to this rule, the negative part of the polar reagent 
(unsymmetrical molecule) like HX adds to that carbom)of double. bond of ап 
unsymmetrical alkene which has minimum number of hydrogen(s). 
Meércanto Сге A functional group containing a sulphur atom bonded to a 
hydreben atom. Its general formula is —SH. It is also known as thiol group or 
sulfhydryl group. Ж X 

Monomers: . They are the building blocks from which po 
Ozon lysis: The reaction er (O3) with alkene 
on 
Peptides: They are short m Ecc 1 MÉNON 
Period; Rows of elements in the Dr IC м 
Periodic Table: table of elements in wh солаи е arranged into groups and 
periods in the increasing order of atomic nt ni des ui 

Phosphodicster Bond: А covalent- bondin RNA o or DNA that holds a polymiclehtitie 
phat ee by j joining ; a phosphate group at position 5 in the pentose sugar of one 
nucleotide to the hydroxyl group at position 3 in the pentose sugar of the next 
nucleotide. 

Phosphodiester Linka кы phosphodiester bond. 

Polarimeter: AD instrument used to measure the optical activity ofa compound. 
Polymerization; The chemical process of formation of large molecule by joining 
together of two ormore small molecules by chemical bonds. 

Proteins: They are composed of long chains of amino acids. They are essential part 

of all living organisms. 

Resonance Enerev: The resonance energy of a compound is a difference between the 
energy of the actual molecule and the most stable resonance structure. It is also 
known as delocalization energy. 

Resonance; The process in which two or more structures are written for a compound 
which differ only in the arrangement of electrons is called resonance. 
ted Hydrocarbons: Hydrocarbons with only single covalent bonds. | 


reak carbon-carbon double 


eus 
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helf Lite: The period of time that a product can be stored 
“пе C. à 
suitable for consumption. 


serie Hindrance: The prevention or retardation.of chemical reaction becau 
sie { ab Ii g 3 Е Ё : 
blocking of the reactive site of a molecule by adjacent 


and remain fresh, useful or 


se of the 
atoms or groups of atoms. 
Stereoisomerism: Compounds that have same connectivity but different arrangement 


of atoms or group of atoms in space are called stereoisomers and the phenomenon is 
known as stereoisomerism. 


Spectroscopy: The study of the interaction between matter and electromagnetic 
radiation is called spectroscopy. 


Substrate: A substrate is a molecule undergoing a reaction. It may also be defined as: 
the molecule that is attacked in a chemical reaction. 

Sulfhydryl Group. See mercapto group. г à; БЫ 
Tautomerism: ihe isomers of a compound which differ ошулп the position of 
protons and electrons are called tautomers and the phenomenon is known as 
tautomerism. 


saturated Hydrocarbons: Hydrocarbons with multiple (double or triple) covalent 
bonds. 
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